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¢ Abswesr - :
18 report descrides the study of s unique display device and techaology called
Detormogrephice to deterwmine its practical value for the presentation of large
quantities (e.g., 30,000 characters) ol air traffic coatrol dats.  The report
ccvers the engineering, development, human factors, and test and evaluatioa
phases and provides the technical performence data and spplications concepts.
Deforwographics ie a technology thet produces a high-resolution, projection,
stovage, digitally controlled, rendom sccess, up to l-meter disgonal, low power
consumpt ion, wonochromatic of multicolor alphanumeri:/graphic display. The
project determined the viasdbility of the technology, established the basis for
further operational concept studies, and assessed the reproducidbility of devices
and performance based on the techmology. The comclusions indicate a wide use
of the techaology for Yedersl Avistion Aduministretiom air traffic comtrol
dats and information presentstion, se well as other similar applications, and
indicate & significant superisrity of perforsance over otbn comnnuoul and
emerging displey uchnlo;uo.
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PREFACE

This technical report describes activities performed to determine the
feasibility of spplying a unique techaology for the presentation of large
quantities of information to the viewers. The efforts were part of a larger

. program to assure the availability of feasible and teptoducible displays for
the accomplishment of the Federal Aviation AA-xnxotratxon . migsion of air
traffic coutrol.

The asuthor recogniszes the techaical contributions of Mr. F. Baldwin,
Mr. W. Dunmn, Nr. L. Alzner, Nr. R. Lucas, and Mr. J. Ertel at the National
) Aviastion Pecilities Experimental Center, Atlantic City, New Jersey, and
' ssmbers of the technical staff of the Faderal Systems vaxcxon, Electronics
Systems Center, 1BM Corp., Owego, New York.
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NTRODUCTION
PURPOSE

This report describes the development of & unique display device (see
figure |) for the preseatation of large qusntities of information to the
viewer. The report covers the engineering and development phase, the
operational/human factors phase, and the test and evaluation phase, and
provides the techanical performance data and spplicstions concepts.

BACKGROUND

The Federal Aviation Administration (YAA) is the largest user of graphics and
tabular displays in the world, most of which are cathode-ray tube (CRT)
displays of real-time, dynamic, air treffic geographic position and flight
planning informetion. Some 5,000 of these displaye, located in en route air
route traffic control centers (ARTCC's), terminal radar control facilities,
airport tower cabe, airport instrument flight rules (IFR) rooms, flight
service stations (FSS‘s), «nd other special service facilities, are the
electronic machine=to-human link for the flow of massive smounts of air
traffic related information wvhich must de mtctprttcd monitored, and acted
upon by tho appropriaste specialists.

The nonelectric link which aubporu. or is supported by, the display is the’
flighe strip==s strip of psper which, depending on the type of facility, can

- be a fiight progress strip or an arrival or departure strip which contains
_typewritten and handwritten inforsation on the subject aircraft and flight.

The physical wovement and the handwrittea updating of these itrips comprise
the basic long-term mechanism for keeping track of the effectiveness of the
voice commande and the asccuracy of the planned flight schedule,

The use of paper flight stripc has resulted in the evolution of procedures,
techniques, resource commitwents, and logistic problems that have not
persitted the full utilisetion of trained personnel, have resulted in systea
per formance limitations, and have impeded the epplication of oiher human-
machine nchnology improvements in the operatiag hcthtun..

A joint .onr_nt/mm Corp. tu-. charged vith the dmlomt of more
efficient controller sector conh.untim. has indicated in am FAA report
(reference l) that: .

“A major imomt in the product ivtty na‘ cﬂtcicncy of thc o8 route sector

'may be ettained if the "D" (Deta) controller cam be freed of the manual

handling of paper etripe. 1If this is.done, his console cen be redesigned to
permit hiw to sssist the "R” (Redar) controller to a grester extent.
Achieving this .ranur support of the "R" comtroller would reduce the need
for s "third man,” variously called & tracker or handotf sssistant, squeesad

_between the "R" and "D" conttollers. Space is too tight for comfortable

operations with three persons in the 6 fee: provided by the two 3-foot
consoles. Also, it will be noted that two controllers .uh;iu; the 1"

“
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controller get considerably less than twice as such productive work
sccomplished as would one assistant because of the added coordinav.on.  If we
were dealing with a simple production task in wvhich each person could work
independently, the more péoole, the more work would de accomplished. A

_sector does not fuanction thst way, however. Here we have the R controller on

the radio-frequency passing control decisions to the pilot. The more persons
wvho have to process thal same information or related informsation, the more
the processing workload. Hence, the leverage for improving sectoz fuactions
seems to exist in the potential work-saving in handliag flight progrese
strips. If ao automatic display can be introduced, this manual labor can be
reduced, wvhile a more legible reading surface is provided. This is the baric
reason for priority study of an electronic tabular dxcplny as s replace-zrt
for the traditionsl orrangon.nt of flight date.”

Comparable observations wers made of the Terminal Radar Approach Control

. (TRACON), tower cab, end FSS operastions. Although these controller position

configurations differ somevhat from en route, paper flight progress strips
are the prti-ry mode for displaying flight plan and control data, and the
preparation and updating of these ltrxpo conotxtuto- ] lxgnxftcant controller
vorkload.

The operating services of the FAA recognized that the replacement of these
paper flight progress stripe, associated strip-printing devices, and related
procedures for use of the dats in that form was a necessary evolution of the
sutomated air traffic control systens.

OPERATIONAL REQUIREMENTS.

In early 1973, under the auspices of the Office of Zngineering and Develop-
went Subprogram 161-111, the Deta Entry end Display Technology Group
formulated an Engineering Hequirement (Ef) for an electronic tabular display
following an extensive survey of state~of-the-art dovolop-ento and future
reoc.rch tcchnolog.co in the display {ield.

This ER was predicated upon (1} opcrnt:onal needs as could de extrapolated
from agency documentation relacing to future Air Treffic Control (ATC)
systews designe sad (2) requirements as postulated by the Technology Group
and subsequently confirmed by opersting services and :yatc-n Rasearch and
Dcvolop-nnt Service (SADS) _progras porconncl.

The ;o.bxncd items :ocprlnod 8 oct of 0porltxonnl lnqunrcnnnro uhtch were
used to direct the attention, plaming, comparisons, and evaluation by the
Technology Group of display tochnxquco and technologies believed to have -
potential, as foliou-

Item l: The wminimum usable displa
an enroute Manual Poetin a;;ooio i

character sise of 1/8 inch.
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Considerations: Information to be electronically displayad--fiight plan datas,
planning and control instructions, meteorological and pilot inforwetiou--
would not rignificantly change in content, format, or quantity from that
presently displayed through use of flight progress strips, the Computer
Readout Device, or other ancillary display devices. An addizional hypothesis
influencing the definition of display size was that future ATC concepts which
entailed computer-generated advisories (flow control, conflict detection,
data link pilot instructions, etc.) would produce additiousl information for
the controlliers' purview. Therefore, the space presently allocated for
flight plan and control data would, in the future, protably be incieased
rather than decreased.

{tem 2: The display should be clpnble of coping with nsjor system failures:

Considerations: In event of flxght dats processor failure, the last
displayed information must remsin on the display for at least 30 minutes. In
event of radsr plan view display (PVD) failure, the electronic tabular
display should have the capability of functioning as a standby PVD in

addition to displaying sufficient flight plan and control datas to -axntn:ﬂ
traffic control integrity.

ltem ): The displsy should provide a ;}nre-freq;yrelentatxon in & wide ran!_
of ambient light levels and conditions.

Considerations: Ambient light levels in field facilities range from 1 foot-

candle (fc) or less in en route centers to more than 6,000 fc (lirect

sunlight) in tower cabs. Although the maior thrust of the effort described
herein 1s the develoyment of en en voute clectronic tabular display, it would
be of economic benefit to the agency if the technique were applicable xo
other traffic control funitions.

ltem &: The display should have the capability of;provxdnn;ﬁnt least two
dxlt\nlyxlhaBTé color shades, a character blink mode, and varying character
intensity.

Considerations: Previous experiments with the application of color to ATC
(reference 2) indicate a significant controller preference for data color
coding; however, an economic benefit versus cost could not be es. ablished
when considering the cost of the color generation technique (penetron C".T)
enployed (reference 2). Therefore, a tadbular display candidate which can
provide ."free™ color would be of considerable operationsl benefit to the
ngency * The character blink and varying intensity is required &s an

"attention” function to permit more rapid controller 1d¢nttfxcctxon of
modified or time-critical data.

Item 5: The dilplay ohould be capadle of interfncins with the En Route Model

3d~] systems with a minimux of’chnn;e to either thé‘ﬁhrdvare or 80 tvare

subsystems of the en route system,
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Considerations: The electronic tadular display replaces the sector strip
printer and the computer resdout device. When receiving initial or wodified
flight plan data, the display should function as a flight strip printer
without levying additional refresh requirements upon the Central Computer
Complax (CCC) or Computer Display Channel (CDC).

PROJECT DESCRIPTION

The project efforts included the following activities:

ER Preparation

Technology Survey : o

Contract monitoring, development re' lew, and approval
Acceptance testing and acceptance

Performance evaluation, technical

Postcontract developmsnt and modificetion; test and evalustion
Operational testing and evsluation

Implementation plan and proposals.

[ _BEVIE. SRV Y SOV N

ENCINEERING l!QQ!llﬂllT'PIZPAIATIOI.

Engineering requirements were aseembled and r- ganized into an ER in early
1973, This ER, No. EA3]2) (appendix A), forusd the basis for the Technology
Survey scope and ultiwately for the specification used for procurement.

TECHNOLOCY SURVEY.

As 8 resualt of evaluation and snsivsis undertaken in the Technology Survey in
1973/76, a Technology Note (appendix B) wae formally pudlished in March 1975,
Based on early drafts of the survey, thc major efforts and resources wa'e
dicected towards the most promising technolcgicsl approach, pro;ection
display trom a stored 1mage.

CONTRACT ~EVELOPNENT.

A contract, DOT-FA-76-RA-1103, June 24, 1974, was avarded to Internstionsl
Susiness Machines (IBNM), Inc., Owego, New York. The sctual statement of work
as accepted is found in sppendix C. Im Drief, the coatract ¢ lled for a
9-month pro;t.o to design 8 storage projection display system based on an IBM
”Dn(ot-ogrophnc storege tube, to package such a system into g government '
furnished M=1 (flight strip posting) coneole, to develop an isterface to
permit the display to be driven {rom & Digital Lauipment Corp rOP-4i

computer, and to provide test programe and test equipment to support the
" system. In certsin cstegories of performance related to display perameters,

improvemente over initisl indicated performance levels were required. Such
improvements were to be achieved under close supervision and itoring by
FAA engineers to insure thet thry were repeatable and aeasuresdle.

R N '
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The technical performance claimed for the Deformographic Scorage Display Tube
(DSDT) as of the latter part of 1973 resulted from measurements made at 1BM,
Yederal Systems Division, Owego, New Yorh under an Office of Naval Research
contrect Mo. NQOOQl&-71-0270, NR 213-103. The report of this contract which
provides extensive graphs and performance details, some of which were
verified by the FAA, "described the investigrtion into the feasidility of
using the DSDT ae « resi time annotatiom device for an airborne moving aap
projectica syetem.... The results of the investigation were favorasble.
Annotation from tae DSDT was visible sgainst & background comeisting of a
4,300-toot lamirert (fL) ma, brightness »zd the reflected screen drightness
from a 10,000-%c ambient light. Use Of the DSDT could extend the use of the
map projection surface f[or other aircraft display functions, thus cr-ating a
favorable cost cffectiveness truadeotf for the additicnal equipwent.”
(Abstract of esubject report)

The =sjor aress of interest i;n perforsance improvemernt eere:(s) line width
(resoiution), (b) Prightrness uniformity, (c) display size/packaging.

Resolut ion wes offered in terme of 11.8 to 13.8 line pairs per willimeter
{lp/wm) on the storage tube target. This was satisfa:tory provided that it
cocld yield 2.5-wmillimeter-high characters on a 1.0-neter~diameter display
(300-3% 1p/iach, 1/8-inch characters on a )%-inch~dismeter display).

Brightness uuifortlty aqptoachini .ckcptcblo center-to-edge variutipna found
18 other ATC displaye wae the goal. This ranged from 2% to 75 percent.

The initisl projection eflorts were directed to either swmall displays, 3 to 6
inches 1a dismeter, or very l.rge ones, 48 to % inchee. T.e contract
efforte wvould seek s display diameter range of 26 20 40 inches. Pigure | ie
8 photogreph of the delivered Deformographic Storsge Display (DSD) in
operation vith flight strip iaformstion displayed.

SYSTEN DESCRIPTION

Fot purpoees of complieteness, the following section of this report descrides
the tube iteself, se well as the optical syetem it is coupled with. Aa
understanding of the two basic elemsnts of the display, namely & nearly-
conventionsl CAT snd a 100~year old Jesign for am opticel eystewm, io
essential to ssseseing the velue of the techaology.

- The DSDT 1o & CRT in which the phosphor surface has been replaced by &

fle ible reflective wombrane. A coauventiosal CRT uses @ phosphot coating on
its feceplate to convert electron besw enargy inte light. 1a the DROT, the.
electron beem comtrols a deformedle mirror so that light from an extersnel
soutce io solectively reflected to an otherwise derk viewing ecreew.

In most other respects the DSDT operstes like em ordinary CRT. It uses an
off-the-ohelf electron gum, o couventionsl deflection coil, and operates with

3,
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the same type of deflection and video inputs as a conventional CRT. The DSDT
electronics are derived from standard Jisplay circuit modules.

LIGHT VALVE.

Because of the difficulties of generating sufficient light from a phosphor to
" tlluminate & large viewing screen, many large-screen display con~epts are
based on the use of a light source external to the CRT. This type of CRT
controle the light reaching the display surface, but does not generate any
light itself--hence the term “light valve.”

The DSD, the unit name for the opto-electric system that contains &s its
“heart” the DSDT, is a light valve display. In comparison to other group

A dxspxnyn. it is the only dtlplay of its type that requires none of the
‘following elements: & vacuum puep; oil films; rotating disks within the CRT
envelope; voltages of 25-49 kilovolts (V) or more; photosensitive materials;
a tomplex energy conversion mechanise external to the CRT, temperature
contrel ovens, materisls or co-ponent. that must de changed every few days,

. or even houts of use.

The only active element in & D3) system is the reflective membrane inside the

CRT.  There are several characteristics of this elastic mirror that need to
be emphasited (see figure 2).

.. Iho mirror consists of three simple layczo Starting from the side
facing the electron gun, there is an insulsting substrete adout 0.00035-inch
thick, then s elastic layer which is sbout G.000l-inch thick, and finelly,
conductive reflecting surface thet is only sbout & millionth of an inch in
thickness. No fluide or photoconductors are iavolved.

b. The deformations of the flexidble mirror surface sre extremely
“winute; a few millionthe of en inch deep. Since this is only about a
thousandth of the width of the depression, it puts no appreciable stress on

the metal loayer. The mirror surface has been tested through millions of
write/erase cvcles with no sign of metal fatigue. '

" c. Since the mirror 18 sealed inside the CRT, it ie permanently
protgctod from the effects o!‘duct, woisture, hnndling. ete.

‘4. The DSDT is not seneitive to the tempersture, shock, and vidration

levels specified in NIL-£-3400 and NIL-E~18400. No infrared or ultraviolet
enecgy i used in the operstion of the DSD, nor does it emit sny harmful
radistion, .

. The DSDT light valve is highly efficient. All the illumination
required to view the 22- by I2-inch displey under norsal room ligh:ing can be
‘odbtained from & single l)o-vu(l nenon lamp.
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STORAVE.

The DSDOT has inherent storage because the back of its sirvor is an insulator
that atores any cherge deposited on it by the electron gun. Images can and
have been stored for days without rvefresh~-even without power, yet writing
takes place at normil CRAT speeds and erasure occurs in milliseconds.

The pheromena itnvolved in wiiting and erssure are best understaod by
referring to the secondary emission curve of the substrate material

(figure 3). What this cucve indicates is that the average number of
electrons that leave the surface (secondary emission) for every electron that
strikes the surface (primary electrons} is & function of the CRT sccelerating
voltage.

ERASE
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0 : 2 4 6 8 10

ENERGY OF PRIMARY (kV)

"PICURE 3.,  SECONDARY ENMISSION CURVE OFf TARGET

"For voltages greater than about & kV, the DSDT electron beam builds up &
charge on the back of the mirror becasuse there are fewer secondary electrons
lesving than the primery electrons srriving. These charged asress ceuse the
deformat ions in the mirrovesd surface which create the light-valve action.

The 0S0OT ie normally operated at an anode voltage of sbout 10 &V, This is & .
practical minimum for any high-resolution CRT because of the physics involved
in obtaining precise deflection end focus control over the electron beem.

At voltages around 1.95.to 2 kY, each primary electron tends to Lnock multiple
secondary electrons off the surface as long as there is any excess charge
temgining at the point of incidence of the electron.Desm. This allowe
" various modes of evasure., The DSOT's eveluated included & flood erase gun
designed to caver the entire tarpet (i.e., wirror) with electrone at an erase




potential of about 2 kV. Ar full current. a {lood gunt can ‘totally erase the
entire screen xn -1lll.econdn

At lower erase currents, the pegoictencc of the. image can be controlled over

8 vide range. In this case, erasure .takes the form of & continuoue fading of.

any dats vritten on the tube--much like & long-persistence phosphor. Any
decay period, from a fraction of a second to many minutes, can be selected by
controlling the amount of erase current. '

In applications where time between data updates is iypically several seconds
or longer, dispiaved information need only be written once each time any
informstion is updated.. It will automatically be retsined without zefresh
until erased and revritten upon the next update of the input data. There is
no perceptible decay in either brightness or focum over & period of several
minutes. Furthermore, no power in requirrd to retsin the image.

This means that the displayed image will survive losses of either input data
or power without degradation. The only power tequired to view the image once
it has been written is the power yequired by the light source. It also mseans

that the displaved .image is very constant and steady. There is no flicker, .
_Jitter, strobing or other annoying instability in the displayed data. -

In addition tc storage, instant erésure, and controlled persistence, there is
another important erase feature of the DSDT, selective erase. By biasing the
main electron gun, normally used for writing dats, to the 2-kV erase
potential, a steeradle, focused erase besm becomes available. This erase
beam cun be focused into a apot size considersbly smsller than s character
and cat be directed to any point on the screen in the sane manner ae the
writing beam. This makes it possible to erase & single area or block of data
vithout affecting any other data stored oa the screen. Selective erase is
most advantageous in tabular formsts where the data are systemstically
arranged in words and/or nonoverlapping blocks of data.

DISPLAY SCREEN SIZE AND OPTICS.

The DSD is & projection dio'phy. The ‘size of the display area is a functioa
only of the focal length of the projection leme and the distance to the

. viewing screen, both of which are adjustable. The imeges genersted from a

DSDT for various applicstions have ranged from 3 inches to 10 feet diagonmsl.
The ooly performance parameters that ury vuh screen size are bnghtuu.
contrast, and opticsal lmo undth.

A 150-vatt x¢non h-p ptondca sufficient display brightness for s 3-foot
un-pto)cct ion screen to de viewved vith ease under normel conference room
smbient lighting. The projection distance required is cmo:mnly 1.6
times the diamster of the displey ates. This optical peth cea be folded
through the use of one or more wirrors to u;nﬁeutly reduce the space
required dehind o roor-pto_‘cct ion screen.




A very simple schlieren optical system is nsed to convert DSDT mirror

deformations into a visible image on the screen. Referring to figure 2, the
asjor elements of the optical system are: :

1. Aa initial condensing lens and input apertuce.

2. . The schlieren lens. .

3. The two-piece projection lens with an opaque metal stop at its
center. ’ ’

Light (rom the »0on lamp i{s trimmed into a well defined potnt: source by the
snall condenser snd the input aperture. This point is then imaged on the
opaque schlieren stop by the large condenser (the schlieren lens). With a
completely flat mirror surface in the DSDT, all light is blocked by the
opaque stop, thus providing a dark dbackground on the acreen.

Any deformstion in the DSDT's mirror deflects the light rays so that they
bypass the schlieren stop and are focused onto the vieving screen by the
projection lens. The image appearing on the ecreen is an exact replica of
the data written on the DSDT airror.

ACCEPTANCE TESTING

As part of the contract for the deformographic display systes, a test plan
was prepared and approved by the FAA wiaich was designed to messure con~
formance with the specification in sll the measureable performance areas and
also to provide teet dats which would serve as 8 bench-mark for future
performance improvements. Appendin D contains a copy of the Acceptance Test
Plan document. The test of the DSD was done twice, once at the contractor's
facility, and finally at the Naticnal Aviation Facilities Experimental Center
(NAFEC) in the Coniroller-Computer Interface Laboratory.

The test plan defined the design parsmeters to be verified in the performance
. of the display systew during an ecceptance test procedure. In this manner,
the critical parameters and characteristice were .grcod upon ptiot to any
dotcr-xnatlon of the values to bde ochiov'd

The acceptance test procedure established the pfoccdurc roquircd to
demonstrate proper performence. Such & procedure is included as appendix [
to indicate the degree of detail and completeness prevalent in the testing.

Certain criticel par-itor:océoptcncc to-t.rodulto.fro- the first engineering
aodel/prototype are listed 'elow to indicate the level of performance. These

" results convey the technical, high quality of the device; but more

importantly, the degree of ttchnicnl achievement ie indicntivo of the
soundness of the optical/electronic technology a,plicd.

10
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a. Deviation of & projected reflective mirror (non-CRT) grid pattern
from a grid overlay at nine points in the horizontal and vertical direction:
(in inches on a 22-inch by 32-inch -screen):

ToP LEFY TOP CENTER ‘ TOP RIGHT
Horizontal  «0.025 0.000 ' , - =0.090
Vertical -0.025 -0.100 . ,-0.0GO
CENTER LEFT CENTER CENTER RICHT
Horizontal +0.040 0.000 : ' -0.100
Vertical +0,.020 ‘ 0.000 . +0.020
BOTTOM LEFT _I_L.‘_ﬂ'ml CENTER BOTTOM IIGR_T
Horizontal +0.065% : 0.000 -0.090
Vertical «0.035 +0.085 +0.:00

12 corressonds to 0.220 or 0.320 inches.

b. "Open Cate” background brightness uni!or-i'cy, in footlamberts:

TOP LEFT TOP_CENTER TOP_RICHT
S B ' 3
CENTER LEFTY caarER CEINTER RIGHT
56 S ) 41.%
soTTON LEFT | ~ BOTTOM CENTER . sortom micat
' 48.3 | 60 . 31.8

c. Deviation of a| projected, CRT-imsge grid pattera from s grid
overlay at nine points ik the horisontal and vertical direction: (in inches

on & 22-inch by 32-inch screen) ‘

, 100 LEFT TOP CENTER ‘ TO0P RIGHT
Horizontal -0.06. . - 0.
Vertical «0.100 ' 0.000 : 0.23

CENTER LEFT o caeman CENTER RICHT
Horizontal D.010 0.020 .
Verticel +0.0)5 +0.019% . - +0.038

o 7 » \ '
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BDOTTOM LEFT - BOTTOM CENTER BOTTOM RIGHT
Horizontal  =0.010 ) ~ =0.005 +0.120
Verticsl -0.050 ' - +0.025 -0.090

d. Largest line width on a 22- by )2-inch screen (39 inches
diagonal) = 0.034 inch; smallest = 0.021 iach.

e. Worst brightness variation in & 3-inch vector section:

Max = A6 fL - ' Min = 22 fL
Variation = 51.252. '

f. Contraet Ratio at timm of test measurements = &b4:1].

g Line spacing-~worst case on display screen was 0.031 inch with
worst case wodulation of 71.3 percent.

h. Storasge time to 1/3 of original brightne.n-~i§ sinutes, to 1/8 of
original brightness=-30 minutes.

i. BRewrite accuracy after an erasuré~~less than 0.010 inch.
Je Overwrite sccuracy--less tham 0.005 inch.

Acceptance testing was completed and the unit accepted at NAFEC in May 1975,
with one temporary vaiver. The high-voltege switching power supply was not
svitching fest enough to wmeet the specification. The supply provided was not
the final deliverable unit, and difficulties with delivery of an AMP, Inc.,
unit resulted in the wvaiver. The proper unit was subsequently delivered in
June 1973 :

Coscufrcnt with PAA accopcnncc of the first unlt. Dr. Carlo Broglio, Staff
Systems Anslyet with the Office of Systems Engineering Management, FAA,
_directed an official inquiry to the Controller, Avionics Systems, IBM,
Federal Systems Division, concerning detailed estimstes of the production
costs of the DSD based on the first unit technology, for application in

. en route ATC centers to upluc the flight scrip prtuton and paper strip
tabular baye.

Appendix F is the sa-ploic rciponod froﬁ iBM. Bxcerpts of special note are:

*,..1n the absence of detailed specific definition of the consoles to be
priced, wve have made: on;xnccrnn. estimates based on the follouing
assumpt ions; o ,

1. The comsoles would be functionally identical to the unit we
recently delivered to RAFEC except that they would interfsce with the CCC in
the an route centers rather than the laboratory computer at NAFEC, The
internal packaging snd circuit technology would be complately redone to
provide maximum cost adventage for & large volume production rua.

12
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2. The recurting and noarecurring costs are based on a 1,000-unit buy

with 100 units delivered during the second yut and 2% units per month in the
25th through 80tn months.

3.  These estimates assume that the CCC provides the display data in a
format reasonably compatible with the DSDT: i.e., more or less in sccordance '
with the approach followed with the NAFEC unit. Within these ground rules,
thie console would be adla to provide the functione presently .ncorporated in
the flight strip printer, the flight strip posting concole, and the computer
readout and update display. In sddition, this console has the graphics
capability for the plan view display /‘PVD) with the information being

"periodically updated from the CCC rather thaa refreshed many times a second

as vith the PVD. The display surface can aleo be zoned off to present other
types of dats simultaneocusly with flight strips, such as weather, NOTAMS
(Notices to Airmen) and other tabular or graphical dats. :

6. An 1BM-modified GFE (Government Purnished Equipment) cabinet was
assuned. However, there wuld not be a major cost impact if the cadinet vere
fcbncotcd by I3X rather than modifying a CFE structure.

5. The unit would be designed and built to good commercial practice
vith the 2100 series of specs as & general guide. This same type of approach
vas very sucsessfully used on the CCC and provides significant cost
advantages without any losc of relisdility or performence.

. 6. The noarecurring estimste does include all the normal non-
‘recurring design and startup activities we thought would be applicable, such
a3 tooling, test equipment, conversion on packsging ‘and uchnology,
maintainability and reliadility snalysis, 'quality engineering, manuals, and
other documentation, interface dnun. human factors lnlyou. etc.

7. The recurring price estimates are also co-plcto figures includiog,
in addition to direct hardware coste, testing, progrem senagewent,
engineering support to nanhccunng. general sud administrative exprase, .md
all other elements that normslly go iato' e unit selling price.

8. Two coafigurations have been e¢stinsted: & console with s single
USLT snd & console with two DEDT's projecting om & singlc viewing screen, In
the dual-DSDT unit, the CRT; light source; leas system; deflection, video,
and ersee circuite; and all sssociated power supplies have been duplicated.
In all other resgects, the two comfiguretioms sre ideaticai; i.e., only one
set of electronice, power suppliees, etc., have been assumeé for such ,
functione - interface, display mnuu. and overall unit control. In
addition, there is very litlle difference in the cabinet, mirrors, and vuving
screen whether oae DSDT or twn is sssumed. Siance the second DEDT projector
is essentially & dupliceate of the first, there is no significant difference
in noarecurring coete. '

13
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"~ On the basis of these asoumptions, our engineering estimates are as follows:

Single-head console: $28,000 each

Dual-~head console: 341,000 each
Nonrecurr;ng expense: ) $4.6 million.”

This proposal cotluntc vas made prior to any of the dcvclop-cntl and
improvements which resulted from the FAA test and evaluaiion period which
began in July 1975. Developments and experience with the system cnabled many
design areas to be simplified, and in some cases allowed a reduction in
needed performance while still meeting FAA's needs. At that time, it
appeared that each optical assembly or each electronic support sssembly vas
e-ttnatod at apprcximately $14,000.

PERFORMANCE EVALUATION, TECHNICAL

Following installation, site acceptance, and software integration at MAFEC,
the delivered system was subjected to a series of tests to determine its
limitations, performance limits, and other technical benefits and
deficicencies, strictly based on the unmodified delivered unit. A progress
report (appendix G) describes the basic rasults at that time.

- By épti-ixin. the display for best overall performance routinely achievable

on the prototype/engineering wmodel, the following perforsance, with
evaluation, was achieved, concurrently.

1. Brightness of albhlnu-nric and vector informsation on the 22-inch by
32-inch screen varied from 24 to )9 fL, which was very adequate for

' operational legibility in ambients at least as high as 30 fc. Becsuse

of the very low reflectivity of the plastic screem, these brightness

levels result in extremely high contrast levels. Since screen filtering is
not necessary to enhance contrast, the actual brightnese levels of the data
are, significantly, about the same as those on coanventional CRT displays
after passing through narrow band and/or neutral density filters. The
superior antireflectivity and absorption properties of the etched plastic
scteen reduce the dackground brxghtncoo to extremely low levels, and there io
no reflective layer equivalent to & white phosphor.

2.  Line widths over the l--tcr (39-inch) diagonal dioplax.uurfnéo'

- varied between 0.7)-millimeter (wm) saxieuw to 0.58-wm winiwuw (0.029 to

0.023 inch). Thie corresponds to lines equal to approximately 0.06 percent -
of the display diameter, in any direction, which is comparable to or detter
than existing performance from CRT displays (exsmple, 19.5-inch~dismeter PVD
has 0.015- to 0.020—iach lino width, or 0.077 to 0.1 perceat).

3. Secause of the storage nature of this device, the line-to-line’

opncxng is ae important as the line width. For parallel vectors, the worst
case center-to~center spacing vas 0.86 mm (0.033 inch). While the best case

18
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- contrast would be cxccptxon.l for smaller display sizes.
", one-half & line width. Placed in perspective to the display diagonal, the
- approximately 0.0) percent. An unexpected result of rewrite without an

. baam locptiou was not clear.

the worst deviation occurred at the top of the screen, as expected, due to

vas about two thirds of that, the results indicated an effective worst case
optical resolution of 1,182 lines per diameter. PFor the 22~ by 3I2-iach
display, this correlpond. to 667 by 970 lines of :cnolutxon. an impredsive
figure conuxdorxng the real display size.

4. The smellest usable character dblock on the 22~ by 3I2-inch display
vas 0.142 inch high by 0.107 inch wide. Since & minimum of 20 percent is
included in each dimension for space, this results dimensionally in o 0.125-
by 0.07-inch character, corresponding to 0.645 percent of totasl display size
vertically and 0.3) percent horisontsally, regardless of final display size.
In practice, the smallest usadle charscter readable over the whole screen was
1/8-inch high, bottos centerline to top ceanterline, actually closer to 5/32's
of an inch. By sctusl teest, at least 33},000 resdadle characters could be
placed on the screen, and, vhile the disgonal dimension correupondo to the
diagonal of the useful storsge target, thc total area used is only 50 percent
of the useful target surfasce.

_ S. The measured contrast ratios with J0=-fc ambient light on the screen
varied over the ecreen, with alphanuseric data, from a worst case of 25:1 to
s best case of 39:1. Since brightness increases with the square of the
display diagonal reduction, a display of 1/2 the disgonal, 19.5 inches, would
have four times the brightness, with the ssme background brxghtneuo. Thus,

6. Por the set of alignment conditions ussd, and with special care in
test equipment calibration, the accuracy of rewriting information was found
to be better than originally expected. With an erasure between the two
writing sequences, the typicsl positional variation was 0.012 inch, asbout

error in placing & point on a line, after an erasure of the entire screen, is

erssure wvas that positionsl accuracy vas better than 0.001 inches, or 0.006
percent. This is what would be enpected of & precision CRT yoke deflection
system, but thc manner in which charge on & storage target would affect final

R For a sirgle vritenp of a paticrh; as ccnﬁnred to a grid overlay, —— -

the off-axis projection. This error was 0.8 percent and was Jue entirely to
optical distortion resulting frem the projection of a flat surface, the

target, through a curved optical system. Since no x-y correction was applied
through the deflectioa system to compensate for thil orror. this is purely an
optical one snd entirely correctable.

8. _ Tho optical magnification of the system remained at a nominal l):l,
39 inches of diagonal final display for ) inches of diagonal target. This
vas & necessity to compromise the available tude/target size to the desired
tad bay sizse. 1t was subsequently determined in later tests (descridbed in
this report) that this magrification exceeded the "high-quality™ optical

limits of the optics provided and resulted in the line width and resolution
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limits achieved. Magnifications of the order of 9-10 times sigaificantly
improved the objective and subjective quality of the display.

9. The capability of fast, total screzn erasure was elusive throughout
the early testing period. The measured times for & full screen of characters
was as much as | second. An extensive beam energy analysis resulted in
modifications to the pulse amplitudes and duty cycles, and the result was,
first, a full erasure in 200 milliseconds (ms), and then finally in less than
100 ms. This significantly enhanced the appesrance of the display, even
though full (flood) erase would not normally be used in an operational
system. The information gained was applied to the selective crase function.

10. The plastic screen used on the delivered system had s gain of 180
percent. A tradeoff exists between viewing angle and screen gsin. The
initial desire to get as much brightness gs possible was compromised,
satisfactorily, to achieve & much wider viewing angle. With a unity gain
screen, the viewing angle is effectiveiy 150° or more, and the use of the
display by several people in & sector configuration would be eahanced. When
tested with screens of 270-percent, 390-percent, and even 450-percent gains,
considerably brighter displays resulted, and the vxevxng angle was reduced to
as little as 60°, as expected.

1}. With any storage display, the writing rate becomes one of the
characteristics that is compromised in order tu achieve better overall
- performance. The rates chosen during the design phase of the contract ranged
from 500 inches per second to 2,000 inches per second. The use of 500 inches
per second at that poiat in the evsluation pcr-itted sufficient data to be
written in adequately short time periods. Later in the program, chrough the
use of novel timing cycles, higher rates were used as weil as multiple
rewrites at 2,000 \nchco per second.

The most cffxcxent and effective manner to produce hl;u-qunltty
chacecters vas to vrite one complete image at the 2,000-inches-per-second
" gate at & biss level above cutoff but below visual perception, immeiiately
; followed by a repeat of the image at & biss level sbove cutoff and above the
visual level, but below the level needed to store the same image if o

drive, a'. fast rates, ptoduccd a more superior image than a high drxve at low
rates.

$2. The long-term stability of thc'dnnpluy system vas based on two -
aspects of the design, the mechanical integrity of the =i *s, sounts,
frame, screen, etc., and the electronic’ .tnbtlxty of the &..iection system,
power supplies, etc. Over one 7-day pcrxod using high-accuracy overlays, a
fixed reference point on the project image drifted less than 0.001 inches,
vhen console on-off power cyclc- and write-erase cycles vere introduced over
the time period. Character size and brightness differences over the time.
period were immeasurable using calibrated Camma Scientific, lnc..ccannxn;
photometers.

single-wv=ite image were used. ln effect, a low drive followed by a moderate
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13  Sixty-four digital video drive levels are available from the
aicroprocessor that controls the displsy system. However, to the eye, six
shades were discernible as logarithmic steps out of approximately 32 visible
video ourputs from the storage tube. This indicates the potential dynamic
range, the gamma, (ro- cutoff to. saturationa.

l14. Selective erase sction involved the switching of htgh voltage from
approximately 10 kV to appioximatély 3 kV. The variations in deflection
sensitivity resulting from such a change sre and were able to be compensated
for to the degree indicated by the crase and revwrite accurscies. However,
there was no sttempt made in the first model to correct for focus change
during erase; hence, the erase beam is defocused to approximately 0,060 inches
(1.5 =m). A "safe" area around any one character, or group of characters,
vas found to be about 0.075 inches (!.9 mm), or doutle that figure between
adjacent dats that could be nelectivily erssed.

i5. Each tube has a set of characteristics which are established by
manufacturing processes and materisls. At the start of the contract effort,
storage time was determined o be a critical parameter that would signifi-
cantly affect wost other pertinent parameters. The storape characteristic
was designed into the target saterial to produce a slow decay in image
brightness over & long period of time. The initial specificaticn was based
on a 10-minute useful, readable life of the data. This resulted in the
acceptance test resultas previously described, as well as a practical, daily
verification that l0-percent brightness after 30 minutes was about the best
for the perticular chemistry chosen. It decame clear, however, thet the
usefulness of the data after 5 or 10 minutes was merginal for most potential
apolications.

Furthermore, a technique called subliminal refresh was developed in the
1ad which permitted the rewrite of a complete display every 5 to 10 minutes

‘8t @& video level just below visuasl perception. This action provided o
- perpetual high-quality display, and further development of such a refresh

action would reduce the effects of the longer storage compromise on
resolution, oraso. and brightnelc.

16. The maximum tx- to erase & single character-sized block of video,
excluding power supply switching times, vas 100 microseconds (us). As
characters were sade smaller on the target, less time. was necessicy to erase
due to increased energy density in the erase raster; but as a practtcul
figure, it takes as long to erase a single character ss it Cakes to vri e 1t
(worst case, 100 us). :

l7 Over the -ontho of tcoting and evcluntién, the effects of dust,

‘ smoke, and building vibration were observed. Since the image is forwed only

at the dx-play screen, dust particles do not defocus or modify the shape s5f
the final isage. Only et the schlieren stop (sec figure 2) can dust
particles affect the composition of the Pourier optical sums that, produces the
image. But the zeroeth order light is blocked by a "narticle” simost 1/:-
inch in dismeter——the stop itself. Hence, dust cannot affect the opscity of
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the stop anymore, sinc< it is altcndy xapcrvxoul to light. On the mirrors,
the effect of dust is to reduce light output, but no seasuresble dlftcrenceo
wvere recorded. , .

Vibrations from an air-handlicg ventilator 30 feet away could be
weasured as 0.00l~inch wobulations of the datas, insignificantly amall. A
sharp knock on the console would cause a vibration of the image due to mirror
wovemsent , but the damping inherent in the mirror mass resulted in image
damping ¢¢ 0.5 seconds or less.

18. A capability for a limited ru:bor of colors, digitally selected,
for displayed data, was studied &nd desonstrated.. By the use of very simple
composite color filters placed concentric with the schlieren stop, seversl
modes of practical color generation wers analyzed, and the application of
such color cspebility, produced at such a low cost, was investigated.
Figure & showa cluseups of flight strip data with different colors as field .
backgrounds, as well as & monochromatic version. The colors were digitally
changeabie belween red, green, yellow, blue, and, trivislly, black. The
smallier charscters .n the figure are approximately 4.75 mm (3/16 inch) high.
The cclor capadbility vas established but not pursued any further at the time.

DEVELOPMENTAL PERFORMANCE, MODIFIED -

Three areas of modification vere considered during the performsnce testing
phase; two were related to improved display parameer pecformance, and the
third was concerned with the enhancement of the operational use of the
display as an interactive dats terminasl.

i. Dynasaic focue wes schieved in the delivered DSD by a multizone
discrete step focue circuit that provided for concentric dll-ond-ohapcd areas
centered sbout the dxoplny center. This resulted in focus compromises that
were less then satisfsctory, since it was obvious that equsily zood focus.
could de achieved everywvhere ~n the display, dut not at the same electrical
focus (electrostatic) value. A more appropriate civcuit wvas developed which
utilizes the X-Y deflection position to calculate snd generste & wavefors.
that provides a true dynamic focus value. Significant overall improvement
resulted, and alignment esse vae enhaaccd.

2.  As noted earlier, the megnification originally chosem resulted ‘in
‘an spproximetely l:]1 eize substitute of electronic display for peper flight
strips. Character size. number of vows, and charactere per row closely
matched the typewriter printing. The ambitious gosl wes to display 30,000
characters, each spproximately 1/8-inch high, sppronimately 130 lines of 230
chacacters, all on & 22- by )2-inch display acea. This wee achieved, and all
the charecters were legible, but not as crisp as printed type. The 12~ dy
J2«inch size resulied from & l-meter diagonal image sige "rectangled™ to @
flight strip tadb bay sizse. As the diagonal was reduced in sise, the
characters decame c;outct.-crioﬁqt. snd sore defined, and their merk-space
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ratio improved. The smallest disgonsal achievesble with the unit as
configured was approximataiy 22 inches. While the characters shrunk to
slmost 1/16 inch, the display size decame 5 by 15 inches, all too small for
practical viewing at 24 inches. A rrduced size of 26~inches disgonal
resulted in a satisfactory display size, with consideradle improvement in
clarity. No loss of legidbility occurred, and the display was more usable
than before. Due t0 a smaller viewing angle, the sppsreat brightness
vaiformity improved. Also, as expected, any of the optically induced
nonlinearities were reduced when the msgrnification was reduced.

This sizs was very compatible with tower cab display consoles, and
provided escouragement for applications in this area. Brightness increased
by the square of the size reduction; heuce, the &7-perceat size change caused
- more than tvice a8 muclh image brightness. -

An analysis of the ceuse of the charscter clarity iaprovement {ndicuted
that the optical system for projection was exceeding its limits of resolution
with the 1] times magnification.

3.  The use of such & large amount of display information, as is
capable through the Deformographics display, dopondu.on dats entry techaiaues
that are simple, reliable, and, as far as the FAA is coocerned smsnable to
ATC operations.

The display screen of the DSD is large enough to de considered as &
fingertouch iaput device tc be used to select a character, or a group of
characters, or a positioa on the screen, and to maske entries to a computer in
thie manner. Since the screen is plastic, it is safe to push on, and the
etched surface is unaffected by finger prints; hence, it is very compatidle
with a finger-touch entry concept,

The development nf such a system is not part of this report, but meation
is made at this point because of the addicional advantages of s touch input
system coupled to & large~srea, high-resolution display. The large screen
permits spresding out of information on the display, dedicsting the use of
screen areas to menu selection lists providing programable key cap legends
for keyboard replicstion and mixing graphics dats, tabular data, and
{ixed-image microtilm images..

rlngcr-touch iuput circuitry ‘experimvatation utilizing hardware matrix,
electroscoustic and infrared opticel have deen designed and incorporated into
the display comsole (see figure 3). A rsport has been urictcu (reference 1),
which describes the operetional testing aspects.

The enhancemsat of the D‘D.'bocauoo of ice i-horont co-.utibility to certain

finget=touch imput systems, especislly ia high asbient illuminstion, wee
dewonstrated during this phase of the project and estadlished as fact.
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FINGER TOUCH INPUT WITH DSD

FIGURE 3.




IMPLEMENTATION PROPOSALS, SECTOR STUDY

The achieved t: chanical performsnce of the DSD, coupled with the interest
shown by all of the people who used the DSD in simulations of certain ATC
tasks, providec an impetus to the DSD manufacturer, IBM Corporation, to
consider 8 unicue second step in the determination of the applicability of
projection disjlays and the Deformographics in particular.

In conjunction with their own ATC-experienced personnel, and with their own
highly experienced and knowledgeable National Afrspace System (NAS) CCC
engineers and systems analysts, they prepared a technical document describing
& systems approach to replacing the flight strip printers and tad bays with -
electronic displays. They described how the NAS system slready contained
most of the hardvare elements to accomplish the interface between the DSD and
the CCC. The use of the microprocessor in the DSD as an emulator permitted
the DSD to function and use the flight strip printer input data directly. Ae
far as the CCC was concerned, it was talking to & printer. A summary of this -
proposal, written in 1976, is included in appendix H. It is very similar to
the results expected from an ER for Electronic Tabular Display (E-TABS). A
contract to procure such an E-TABS system was Co have been relecased by the
beginning of calendar year 1979, :

The tigniﬁc.nt difference between the original l976 proposal and the
expected results from the 1979 contract is that the 1976 IBM proposal
provided for a simulation cspability to determine the tabular data
requirements for an en route sector without imposing hardware limitations
(display size, data format, etc.), vithout making assumptions about the
sector requirements that would impair the objectivity and flexidility
necessary to find out, in the first place, the role of such an electronic
data system, vithout limiting the scope of operationesl investigstions and
evaluations, and without cc-utmg large sume of wmoney to unproven aystems
concepts. .

At such 2 critical poimt in the fulfilling of the long—term goais of ATC
systems development programs, such 4n installation at the RAS System Support
Facility st NAFEC wvas designed to:

l. "sllow the direct cnluuon ol’ s very uporun: new duplay
llChMlO"o and .

2. "be an umsually. mt!ul display evalustios tool for use in a wide
range of future cu«n developusnt. ptnnq" (oncerpt tm summary).

The proposal wes not acted upos, asd the l-‘l‘m co-tuet o!for: vas mtpomd
until 1979,
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DEVELOPMENTAL PERFORMANCE, CONCEPTS

Two entirely new concepts in display use and maintenance, continuous grea
dispiay and noninterfering saintenance, emerged from the study and evaluation
of Deformogxraphics, doth of which apply te projection displays of most types.
They clearly indicate the potentiai for projection displays, in general, and
were expanded upon only to the extent necessary to validate the concepts.

CONTIN JUS AREA DISPLAY.

The projection of complete ares images alongside each other 80 as to produce
a continuous display on & continuous display screen is a new concept
unachievable by coaventional display devices. The ability to provide &
display surface perhape 24 inches high and 10 to 20 feet wide, or more, vwith
the positioning of information anywhere on the large screen under computer
progras control opens up nev idess for ATC operations. A series of
projectors would be the information sources, as shown in figure 6. The test
results show that under computer control, registration error between dasta of
adjacent ‘imsge areas can be less than 1 percent, corresponding to less than
0.3 inch, horizontally. In actual tests, linearity can be maximized at the
image ares doundaries by computer algorithm, and the resulcant registration
was less than 0.123 inch horizontally.

From an operstional point of view, a continuous display surface of relatively
unlimited horisontal dimension, free of dezels or CRT mounting hardware,
capable of dxoplnylng suy type of data, in any form or format, at any
location on the viewing surface, under softwvare control, would revolutionize
the concepts of control sectors, sector site, reconfiguration, flight data '
utilization==in fact, entirely new, move ct(cetxvc and efficient concepts of

data utiliaation could ho applied.

11. addition, thil concept would accommodate any future concept which
generates information for the controller. This would eignificantly reduce

‘the need for x-plc-rntnng discrete dxopluy- ss new dotn-gcncratlng functxon.

are introduced into KAS.

NONINTERFERING MAINTENANCE .,

The packaging design accomplished snd verified in the DSD performance
demonstrated the feasibility of separating a package called the "Head,”
coataining the slectronics, optics, and tube from the display viewing screen.
(see figure 6). The distance, in the caee of the originsl deliverable, was
spproximately 7 feet. This permitted the "Hesds” to be placed in an adjacent

' room or service ares and to project.the imege through & window in the wall

onto the display screen in the operational area. All eervice and
maintenance, including "Mead” substitution, would be accomplished outside of

- the ATC ares, and with little or no interference in the .TC operationes. 1In
" the case of & tower cab, the room delov the cad would be the location of the
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"Heads," and projeciion to the console display surface would be through the
floor.

The efficiencies of this more central and less interfering maintenance
concept, including the aspect of staffing, are evident. {See letter dated
9/17/75, ANA-l to ARD-1, appendix 1.) :

DSD CONTINUING ROLE

The DSD continues to play a vitsl role in a number of additional efforts
beyond the originsl program intent.

1. The ER used in defining a specification for an E-TABS display
(appendix A) was heavily based on the known performance capability of the
,D5D, and on the interactive capability of a touch input screen.

2. Advanced Tower Cab work station design underway at NAFEC is
patterned after the consolidated display of information that is inherent in
the projection concept. This effort is based upon inital requirements from a
Request for RD&E Eftort 9550-1, No. AT-100-29 (appendix J). As a baseline
for future performance capabilities, the DSD performance has opened the
limits of feasidility and firmly established display capabilities that have
not vt been met by other technologies.

J. The ability to simulate most types of analog and digital displays
(example, weather graphics, figure 7) has resulted in the use of the DSD as
the prime display unit of the Controller-Computer Intertace Laboratory
(CCIL), & recently established human factors and technology development and
evaluation facility at NAFEC. The DSD will enhance the lab's capability to
deal with ATC displcy problems, designs, and developnentn for many years
until technology can catch up with it. The CCIL, in the new building under_
construction st NAFEC, is being designed t» take full advantage of the DSD
flexidbility. :

4. The value of projection display as & serious approsci: to FAA's data
presentat ion requnre-pnt- has finally bYeen accepted on a uorkxn; lcvcl bcoxo
by the apency ‘s research and developwent engineers.

CONCLUS [ONS

Tnis report records the developmeat, ternting, and evaluation of a new device

applicstion of a unique technology. The results of the technical testing

evidense the actual performance of the first engineering model of this new

technology .in practical use. The performance was not measured on &

production model; however, it is 10 exceptional as to encourage speculation
. on expected performance in production units.
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As is generally the case, peak performance is maintained on developmental
equipment through special sttention by experienced developmental engineers
and technicians; expected noainal perfor-nbc would be somevhat less than
peak. The performance degradation with time in the DSD vas co-parablc to
that of a hx;h-qualxty CRY.

However, it was very clear to program personnel that minor improvements in
certain component and design areas would significantly raise certain
performance levels. In most cases, applying the sama kinds of
state~of-the=art tcchnologiol that wost commercial display manufacturers
norsally utilize is all that would be necessary to effect such performance
increases as 600 line pairs per inch resolution, lo-pcrccnt brightness
vartuttonu. 50-ms flood erase, and tclcvxnxon vrxtiﬂg vates of 15 to 30 us
per target inch.

Furthermore, in all the experiences of the technical project personnel with

. developmental display devices and systems, no other developmental display
operated so consistently, so routinely, with s0 fev “glitches,” and with such

little -lxntcnnncc as did the DSD. .

Specifically, it is coacluded from sll of the program efforts snd results
that: ‘ ' '

5. Projection display from a stored imag2 is the best wethod for
schieving the performence necessary for ATC datn display in the various
environments encounteced.

2. Devices exist today to provide the high-resolution, storage,
safety, color, brightness, coantrast, fail-safe capadility, etc., already
established as necessary or very desirsble for ATC purposes.

, 3. The Deformographics technology snd hardware are more than adequate
‘for the FAA to begin larger scale studies of the use of such display
capabilities to improve and enhance the ATC data dipp@cylhcndling functions.

4., The use of an integrated touch~iaput: dldblny surface provides
significaat capabilities in lltgo date display cyltc-n and sust be evalusted
further. .

5. ~ The concept of eeparating the display support hardvare from the
oporatxonal viewing ecreen sress in facilities is viadle and practical. and is
a direct advantage of projectioa display techmology. This will cave space in
the AIC cporncioa areas -ad will ease -lintonanco considerably.

6. ' The conctpt of a coatlnuou. asrray of projcctioa displays to provido
" a work surface display thet is equivalent to wmany work stations alongside -
ecach other is viadle and easily cchicvnblo nlta; projcction technigques.

7. . If the Deformographics were used to replacc thc PVD and other
similar CRT displays, the following benefits vould accruc“
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a. The absence of a large evacuated PVD bottle would greatly
reduce the risk of injury from implosion.

b. A dramatic reduction in power consumption would occur, and
this would further reduce the air-conditioning load and capacity require for
cooling the equipment, as well as lower the ambient noise levels from cooling
fans and air moving through ducts. '

8. Aa a result of the technicsl spprosch taker for the en ruute flight
data tabular display development (E-TABS), the FAA is not pursuing nor has
any plans to puraue the application of ‘Deformographics and/or the
technologies based upon it, and has not encouraged the advancement of this
technology for tabular and graphic display. Instead of tabular and graphic
data, stored in a fail-safe mode of display, in multicolor, on a safe,
legible, flexible display device, the future en route flight dats display
system vill be limited to a tabular-only, monochromatic, volatile display.
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FOREWORD

The purpose of this preliminary engineering requiremsnt is to
provide a document which will support the Federal Avi-tion Admini-
stration (FAA) in the development of an engineering o Juirement
containing the final requirements for the Dctor-_or&.ntc.. Storage
Display System. - 4

The FAA intends to procure two versions of the M:formographic
Storags Display System from the Isttmt@ou'&’«lun Machines
Corporation (I18M). One version will be com’ ured for .an Ea-Route
environment, that is, in the form of a Ra¢ and Manual Posting'
Ccascle, Type M-lA. The second version *4, .l be configured for a
tower cab. Both versions will be used 4 -the Nstional Aviation .
Tacilities Experimental Center and at V.lected field sites to eval-
uate the potential of such storage ¢ play systems for use in the
National Airspace System. '

This engineering requirement thu}ﬁn 1s duuﬁd to be used to

‘procure a specific, one of a ¥ ci. developuent model of a display

system vhich utilizes s Defor graphic Storage Display Tube for
svaluation by the FAA. It &V not intended as a production specifi-
cation to procure many dir Jay systems. Nor are the requiresients
specified hareia intende o be the final requirements for procure~.
ment of the developmenr Jdel of the storage display system. This .
docusent 18 aa iateri’, .tep, to be followed by a document contain-
ing the final requir {ents for the storage dieplay system. DBack-
ground raticasle rrKired to understand the coatents of this prelis-
inary versiom of 4 engineering raquirement is discussed in the
following parag® as. o ' o ‘

a.) Since tl’ﬁtut of the PAA 18 to procurs s specific system
for ev- Ustion purposes, the engineering requirement used for
the r curemsnt should define per{ormsnce resquirements which
are A.thia the capedbilities of the coutractor's system asd are
o0 Jnose 88 possibla to baing vithis the raage of acceptsble
*» §'lormance parameters for FAA display systems. "

5.° A e INM Deformegraphic systes is still a developmest f{tes, .
and thersfore display perforsaace charscteristics are difficult

€ te define. 1Mt has supplied their sstinete of achieveble

performance perameters, snd these estimates are wsed as the
basis feor this preliminary engismesring ;q‘lr-t. B

8.) 8imce 1in soma atess the 1NN eotimates define & dicplay system
vhich aight bde vanscceptable for wee {ia the Natiocmsl Alrspece

.
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~ System, the FAA intends to use this document during tnh-&ﬁ
discussions with 1EM in an attespt to define a system - %ch

. can both be achieved by IBM and is acceptable to the ¢.A. n\-

result of these technical discussions should allow .\‘ﬁml

version of the enginsering requirement to be pre Tad.
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1. scors
" 1.1 Scope

This engineering requirament establishes the preliminary A
 requiremsnts for the design, development, fabrication, perfor-

mance testing, delivery, installation, interfacing, and check-
. out of a Deformographic Storage Display System.

The intent of this engineering nquinune is to obtain display
systems from the Internstional Business Machines Corporstiom
(I3M) which utilize the Deformographic Storage Diasplay Tube.
These display systems vill be used at the Federal Aviation
Administration's (FAA) Rational Aviation Facilities Experi-
ssntal Center (HAFEC) to evaluate the potentisl of such
devices for use in the Mational Airspace System.

Since the systems are to be cousidered development items and
vill be used for ~valuation purposes only, the use of ‘good
commercial standards™ in the coastruction of the equipmeat,
documsutation providad, etc. is specified in moet cases. HNow-
ever, the documsnts vhich would apply to equipments selected
for use ln the National Airspace System are listed in Sectica
2. These documsnts should be used as a guide vherewver
feasidle. System requirements are defined in Sectiom 3.
Quality assurance asd d.unry provuuu are defined in Sec-
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s o 2 o A 4 ot A & 115 s 1717 oY manms S e e ommr A Amraags 4L e et B o o

L [




APULICASLE DOCUMMNTS

The following docurents, including all parts, supplemeats,
revisions, and areajonents, of the lssueu speciifed, forr a
pacr of this englneering reguirement and are aparlicable to th=
extent specified hez in.

2.1 _ FAA Documents

FAA-G-2100 Electronic Equipment, ceneral Requireoents,
xncluding.

Electronic Equipaent, General Requiremeats,
Part 1, Basic Requirements for all Equin-
vents, duated 10 July 1970.

ru-c-z'xoollb

Part 2 - Requircments for Equipuents
Employing Electron Tubes, datcd 19 Juna
1968.

FAA-G-2100/2a

Pitt 3 - Requircaants for Equipaments
Eaploying Semiconductor Devices, dated
19 June 1968.

. FAA-G=2100/3a

Part ‘ - Requiremencs for Equipsents
Employing Printed Wiring Technlqu‘l.
dated 5 February 1969.

FAA-G-2100/4Dd

Part 5 ~ Requirenents for Equipments
Employing Microelectronics Devices, dated
24 March 1969.

FAA-G-2100/5

AA-G-2100/Supplencnt & - FAA List of Applicable Docu~-
-antc dated 10 July 1970.

Attach-nnt to FAA-G-:IOO - Attlchltnt I, Noa-Standard
Part Approval Iastructions.

NOTE: Specifications FAA=G-2100/1b%, FIAPG~2100/2¢; )

' FAA-G~2100/3a, PAA-G~2100/4bd, FAA=2100/S, FAA=G~
2100/Supplement 4, and Attachment to FAA-G~2100-
Acttachment [ are referred to, hereafter, as
FAA-G~2100.

‘ FAA-hR-GSO—OOJ - Coanections, Electrical Solderless
Hrcppcd. dated 25 Scptclber 1970.

A=2




PAA-D-638h , = Instruction Baoks, Electronic Equipament,

vith Amendment 1, dated 13 December 1968. -

FAA-STD-002 = Pedaral Aviation Agency Standard for
- Engineering Dravings, with Amendment 1,
dated 6 October 1967.

PAA-STD-010a - Graphic Symbols for Digital Logic Dia-
grass, dated 2 February 1970.

PM-P!OISC = Badar and Manual Posting Console, Type
M-1A, with Amsndment 1, dated 7 April
1970.

PAA-RD-72-111 - Evaluation of High-Activity Level Tower
Cab, Final Raport, dated October 1972.

2.2 Military Documents

m.-no-«m « Rlectromagnetic Interface Characteriatics
: Requirement for Equipment with Notices 1 and 2.
dated 20 March 1969.

2.3 Other Pocuments

1 NRSA Standards

WEA 68-83 - Specificstion for Multilayer Printed Wiring
Boards (Plated Through Boh). dated 15 ltondnr
1968.
2 Digit ul Co ation Docum

.uc-u-nu-n PDP=8/1 Maintenanca Hnul. VOl.u- 3, dlt.d
1970.

78S . = Prograsmed Data hocmor-o. m-o. Users
L m. dated July 1965.

MI2-1669, Rev. 1 - Evaluation Procedure for a Cathode=Ray-Tube.

Display Designed for the MAS En Route
dystem, dated 29 March 1971.
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(Copies of this engineering requirement, and copies of the
applicable FAA specifications and drawings, may be obtained
from Federal Aviation Adminiscration, Washington, D.C. 20590,
Attn: Contracting Officer. Requests should fully identify
material desired; i.e., specification pumbers, dates, amend-
ment numbers, complete drawing numbers; also, requests should
identify the invitation for bids, request for proposals, or

" the contract involved, or other use to be made of the requested

material.)

(Single copies of Military specifications may be obtainable
from Felaral Aviation Adainistratioa, Washington, D.C., 20590,
Attn: Contracting Officer; mail requests should cite the
invitatfon for bids, request for proposals, or contract for
vhich the specifications are needed; mail requests, if found
acceptable, will be forwarded to a military supply depot for
filling, hence ample time shuuld be allowed.)

(Information on obtaining copies of Faderal specifications and
standards may be obtained from General Scrvices Administration
offices in Washington, D.C., Seattle, San Francisco, Denver,
Kansas City, Missouri, Atlanta, Chicago, New York, Boatom,

‘Dallas, and Los Angeles.)

(Coples of other publications raferenced may be obtained from
Federal Aviation Administration, Washington, D.C., 20590,
Attn: .Contracting Officer. PRequest should fully ideatify
material desired; i.e., publication numbers, dates, etc., and
use to be made of the requested material.)

2.4 Precedence of Documents

When requiremeants of the contract, this engineering requiresent,

_ or subsidiary docusents are in conflict, the follouzn; proco—

denco shall apply:

a) Contract - Thc contract shall havu pt.codcueo ov-:
: all other doeu-.aco.

b) Engineering Inquirc-n: = This engineering requirement

shall have precedence over all subsidiary documcnts
refersnced hersin.
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J.  Bmunnmers

d 8 of Materisls and Services to be Furnished

The contractor shall provide all necessary services sand
materials to design, develop, fabricate, test, deliver, fustal},
interface, and check out the equipments required by this
engineering requirement and the Contract, and shall supply

" the major deliverabls items tabulated below ia the quantities

and st the times required by the Contract. Any feature or
item necessary for proper operation in sccordance with ths
requiremants of tha Comtract shall be iacorporated even though
that item or feature may not be specifically described herein.
In addition, the coatractor shall provide all necessary ser-
vices and material to prepare, reproduce, and provide reports
and other documentation as specified herein.

The equipment shall accept the specified input signsls end
shall operate in sccordance with sll specified requirsments.
The contractor shall ba responsible for the detailed design
of the interface betwean the equipment developed to comply
with this engineering requirement and the equipment with vhich
4t will be intercomnected, subject tc the raquiremeats con=
tained herein. Upon specific request from the coatracter,

the Governsent will furnish any techanical informstion which

it has or can reasonably obtain, and which is necessary for
the contractor to meet the interface requiresents. Ths com=-
tractor shall coordinate with the Contracting Officer's Tech-
ailcal Representative and cther persounal (as designated by

the Contracting Officer) its activities in meeting :In associa~
ted oqum: intarface mutrmnu.

2:1.1 Materisls
‘fo Sto
8. In-Route Console Equipmesnt

‘(1) Deformegraptie $ Tube
- -(2) Light eources amd uﬁum‘:’pcmx system
+ (3) Deflectios drivers, video Mm. ‘and erese

o eo-ml for ous tube. :

" (8) A siagls sat of generater ommua esnsistiag of
‘PDP=8 iatavisce, sywbol/charsctar/vector generators,
sad assotiated control and arase control logia. Theee
electronics shall ba capadle of driving ome or two tubes
upon ccmmsnd.

A=5
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(5) Viewing screen
(6) Power suppliec

b. Towver-Cab Console Equipment

(1) Towver-Cab Comsole
'(2) Deformographic Storage th'
(3) Light source and Schlier- gtical system '’
"~ (4) Deflcction drivers, ~'§:i¥' driver, and erase
" control oV
. (3) A single set r~’q . .nerator electronics consisting of
FDP-8 {ate-, oEwe symbol/character/vector generators, and
&ssccir’ concrol and erase control logic. These
alr'\;‘\‘:'nlca shall be capable of driving one or two tubes
© W command,
‘<t viewing screen
Power supplies

3.1.1;2 Support Equi

(a) Special Tools ansl Test !qutp-cnt
(®) Spares :

3.1,1.3 Documentation

(a) Management Reports ’
(b) Equipment Operation and Maintenancs Inumuono
{e¢) Acceptance Test Plan

{d) Equipment Acceptance Test Proeeduru

(e) Test Data Sheets

-(£) Tinal Test Reporcs

(g) Site Prep.ration apoetuuuoni
(h) Installation Documents
(1) Spare Par:.s Lists

3.1.2 Services
3.1,2.1 __Installation Materials and Services

'.3'3132,2 Training §orv1‘eol . : .
'3,1,2,3  Pacilities for Customer Representatives
1.2.6 ration snd dinacion

2:1:2,3 ity Assurance Provisions

¢ e il e e I




3.2 Definitions

" The folloviag are definitions of triqocotly used terms and
abbreviatiocas appeariag ia this engineering toqun—t. '

(> ¢ § Consols Rack Resr
CTL Console Turret Lower ‘ o
cTo Console Turret Upper S
TAA - Tedera! Aviation Administretica
Im Iaternational Business Machines Corp.
. ¥ean Jowva Time
BAFEC Natiomal Aviatioa Fscilities Experimental Ceater
FOP-8 Programmed Deta Processor-8 (computer)

. Mak snd Genaral iomal ul

Te Deforucgraphic Storage Display Systesm spacified hevein
shall csasist of: ' :

Ceatract
. 9.) Vnaseigned

e.) Cuslee s m by th.'uutuet
d:) Suppert equipnant as required by the Coatrect.

a.) In-loute comscle configuratioss as required by the

8.) Bulsvasgrephis Stevege Display Tube
~ Be) Light ssuress and Sehlieven epticsl syotm
- @) Daflsctisa drivers, vides 4river, and etene esatrel

d.) A stagle set of gemerater slestrentics esnsisting of POP-S
t . faterface, sysbel/charsstar/vestor sonaratevs, and asessia
o esatrel eand avese esatrel legic. Theoe slectreaies shall |
cgpable of ériviag cns or twe tuhes wpon osumend, °

A7
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pth

e.) Viewing screes
f.) Powar supplies

1 Tower asols fi{gurgtion

Ia the Tower-Cab ceuscle coufiguration the comtractor shall
fadricats a typical Towmr-Cab couscle and shall install the
following in the comsols:

8.) Dsformographic Sterags Display Twbe ‘;-:!-
b.) Light source and Schlierea o,uax ~ otV
¢.) Daflection drivers, video dﬂ- 1 >-erase control
- d.) A single set of puu'- ? fca consisting of POP-8
iaterface, symdo'’ o rlneco: geaerstors, and associated
eutnl and ote eucrol logic. These electromics shall be
O ktvtuo-ummbume-ud.

ﬁl‘- P‘h-u muu

nerv ctiongl |

The Deformographiec Stecage Display Syetem shall be capable of
scoeptiag signsls from the Coverumsat-ownsd Programmad Data
Procaseor-8 (PDP-8) sad displaying this faformation om the
vieviag screea.

It shall bde the respensidility of the cemtracter to determinme
and dosign the required imtsrface detween the PDP-8 and the
Deforwegraphic Stotage Display Syetem, weimg DEC-8l-HRIA-D -
snd 7-85 a0 a guide, The Govermmeat vwill provide secess to

‘all dccumantation aveilabdle at NAFIC oa the PDP-8 (in additien

to the decumantation listed ia Section 2.).2), and to the

POP-8 equipmant located at NAFEIC if required by the esatractor.
(The POP-8 10 not aveiledle for wee st the comtracter's

fecilities due to ether eommitments for its wae &t NAFEC,) The
eontzacter shell submit all such vequeste in writisg te the
Coutracting Ofticer at lesst fiftess days pries to the require-
msat. 1If eesess to the PDP-§ equipment is reywestad the Govara-
mset will allew such 400006 6n an as~sveileble besis. 1f the
esetrester 1a sny usamer ssdifice the POP-8 equipment, (that

19, wplugs carde, discomnscts um. e8s.), 1t shall be the
responeidility of the oceatraetec te returm the PDP-8 te the
eondition vhich extsted deloce cueh modiffsation wos nade prise

to the releass of aceses by the esatraster. Ihs edatrester {9 ast
roquired to tahe correstive setiem, omespl by preper sstiem of the
changee clouse of the esntrest, to sirewmweat sny dlserepamey of the
Coverumsat's PDO-8 or its iatarfese frem the mucm ecatained
fa the reforensed documnts o0 provided to tha esatraeter by the FAA.

iy | |
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).4,1 Ceners!

The Deformozraphic Storage Dllﬁhy System shall be éoaftg\md
in an In-Route console as required by the Contract.

3,4.2 En-Routc Console Design

The FAA vill provide one each of the folloving units of a
Radar and Manual Poating Console, Type MelA, to the contrac-
tor (Referenua FAA-E-20l5a).. These units will be provided as
Covernment-Furaished-Equipment, at no cost to the coatractor,
within thirty days after awerd of Contract.

Unit Neme ' Praving Number
Console Turret Lowvar Assesbly (CTL) D=5S647-)
Congole Turret Upper Assembly (CTU) D=5647-28
Console 1ack Rear Assembly (CRR) D-5647-103

The contractor shall wodify the units as » cessary to mount

tvo Deformographic Storage Display Tubes and the other equipmant
defined {a 3.3.1.1. These shall de mounted within the CTL (and
CRR 1f additional space {8 required). The CTU shall not be used
by the coatractor to mount any part of tha display equipment.
The display equipment (tubes, light source, optical system snd
dieplay electronics) shall ba mounted in s removadle frame which
1s capable of being resoved from the console and operated as em
independent unit Zor projection om other sise screens.

The coatractor shall mount a viewing screen in the space provided
by removing the stripholder trays from the CTL. This screes shall
completely f111 the space provided (spproximately 22 inches by

32 inches), snd the optical systee provu“ shall be capabls o!
ulntuuag this entire area.

It shell N the uwtbtuty o! tha contractor te coerdismats
the proposed comsole modifications end desiga with the Govera~
msat Techaicsl Represeantstive prior to the start of modiftea~
tion to ineure compatidility with intanded wse.

S L S NP NP RION S ) ) : ’
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" 3.4.3 Tower-Cab Console Design

The contractor shall fabricate a Tower-Cab console ur’ ﬁu—
RD-72-111, Figure C-2, Typical Console, as & guide ?nc
plywood console shall be covered with Rosewood ’\’3 (64) matcte-
finish formica. The contractor may vicw sams ' of thece
consoles at NAFEC if it i3 required. It #, .1 be the responsi-
bility of the contractor to arrange to \i‘V the consolas with
the Government Technical Representar’ <.

Tha contractor shall mount the $\}x‘g’mgrwh1c Scorage Display

Tudbe(s), lisht source(s), S~

tronics and power suppur@a a removable frame which is
capadle of being remov 9.,\‘“0- the console and operatcd as an:
{independant unit f» cojection on other size screens.

The contractor »' <%t mount & 12 inch by 24 inch viewing screen
on the equipe- gv\"iounuhg parcl left side (vhea facing panel).

It -half\,@ the responsibility of the comtractor to coordinate

the r Qvused console design with the Government Technical

Re..  sentatives prior to the start of fabrication to {osure
patibility wvaith fatended use.

‘3.4.4 Systems Design

The Deformographic Storage Display Syst: - vquipment specified
herein shall be designed and constructec using §ood commere
cial standacds, using the folloving as a guide!

()
)

(o).

(é)
(o)

FAA-G-2100 = Tor the nun Deforsographic Storage
Display System

FAA-G~2100/1b, Section 1-3 3.11 Conditica B vhen
ssasured at the highest noise level at a distance of
3 feet from the exterior surface of the equipment,
for ambient noise using curve of Fig. 12.7, puc
373 ta Acgsttgg = For Audible Noise.
FAA~ER-650-00) - Por all wize wrapped conmections.
MIL-$TD~461a, heludh. Notices 1 and 2 - "Tor
conducted and radiated interferesce.

NSA 68-83 - TPor multilayer puuu vtttng bou-a

The comtractor ssy use extsting «um or design practices in
this evaluation aquipmeat which ny dl!tor from the nhnmd
guidelines.

66

ne att

The Neferwmographic Storage Display Snt- shall be danigned teo

rrotcet the enfety of recrsonnel operating emd nnuiu ehe

.

cqutnnt. vsing rn—c-noo as & guide.
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3.676.2 Conducted and Radfated !nte'rterencc

The Deformographic Storage Display System shali be cesigned
such as not to interfere with nearby cquipment and as not to
be adversely affected by external fields. The coantractor

~shall use the requirements of MIL-STD-46la with Notices | and

2 as a guide.

3,4.6.3 System Grounding

The coatractor shall specify any spectal grounding require~
msnts and shall include tw his desigrn a grounding sysisam so
that thare shall be no degradation of signals between equip~
ment due to cross-coupling through the ground system. One ground
for A. C. nsutral, snd s second, separate ground for signal, D.C.
pover, avd chassis bdond shall be maintained throughout. -

3:4,4.4 Powver Reguirements

The standard design center velus for wvoltags shall be 120 volts
(Refercnce FAA-G-2100). The power cons.mption in either the
En-Routs or the Tower=Cad coafiguratios shall not exceed 2.0 KW,

3.4.4.5 Mainteasnce Ald

The Deformographic Storage Display snuu' shall contain main~ .
tenance aicds (e.g., Switches, teat points, indicators) to asllow

- detection, isolation, and repair of unit faults. The desiga shall

esphssize the use of commercially availsble test equipment, tools,

" snd finitures for maintensnce aids and minimize relismcs upoa gncul
tast sgquipmesnt.

3.4,8 ol Tools and Test Pquipment

1f required by the Coatract the ocatrector shall submit for Cowvera-
ssat reviev and approval a complets list of special tools and teost
equipment, the applicatios of esch, and the uait or cemponenet for
which it {8 Yadiired. This shall be submitted prior to fabricatiom
or procuremsst of sxy specisl tools aad test equipment for use ot
Coversmeat facilitise. The design of the equipment shall be such
as te permit the wee of ou-dud toels and tast cqu'.n insefar
a8 practicadle.

A-11




3.4.6 Standard Test Equirnent

e .. The contractor shall provida a list of standard test squipment
‘ vhich wvill be regquired, as s minimum, to meintain the system.

3.4.7 _g.xhlen
1,6.7.& inntallacion Cables

The Deformographic Storage Display System Ingstallation Cadles
shall be supplied by the comtractor. These cables shall
fnclude the cadles needed to intetconnect all units within

the Deformographic Storage Display System, all cables required
to interconnect the Deformographic Storage Display System with
the PDP-8 computer sad with th: powsr sources &t the site,

and all ocher cables required to proparly install the Deformo-
graphic Storage Display Sylm at the sits dnt;uud by the
Cﬂltl’lct. .

2,6.7,; Jactory Test gablu

1f cables are required in addition to the installation cables .

specified in Sectioa 3.4.7.1 to fasctory test the Deformographie *
Storage Dioplay System these ublu ahll be !umtlh‘d by the -
contractor. ‘

2,6,8 _Irovisioning

A provisioniag comference will de called by the Ceatraectiag
Officer within thirty days aftar receipt of the recommanded
spare parts list specified im Sectiom 3.6.10. AS this ecm~’
ference, spare parts requiremssnts shall e “uund fa detafl

12
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with FAA personnel. Within thirty days following the confer-
ence, the Govermssnt will spacify the quantities of spare parts
to be ordered. Delivery of the spare parts shall be as nego-
tiated. :

3.4.9 Mean Up Time and Mean Down Time

3:4.9.1 Mean Up Time and Mesn Down Time Demonstrations

The Mean up time and Mean down time requirements are not

subject to tests or demonstrations, but must be considered as
design goals in the dasign approsch and the quality of materials
and vorkmanship required. They do noi coastitute a warraaty of -
any kind,

3.4.9.2 Mean Time

Mean Up Time (MUT) 1is defined as the mean time to failure of
the equipsent, given that the equipment is operating in accor-
dance wvith the requirements of this engineering requirement

" at time gero. The MUT for the equipment, excluding nomcrici~-
cal composents such as indicator lamps, wechanical assemblies,
etc., shail be at least 1500 nours. The cathode-ray-tube
(Daforwographic Storage Display Tube) replacement MUT for
reasons of catastrophic fallure or decrease in perforasnce
below that requirad to meet the requiresents of this engineer-
ing requirement shall be at least 5000 houts. ' The projection
‘lamp WUT shall be at least 500 hours.

3.4.9.3 Mean Down Time

Neoan Dove Time (OMT) is defined as the meam time to effect
ainisus vepair sufficient to restore the equipment to opere=
tion 1a sccordance vith the requiremsnts of this engineering
roquiremsat. The MDT of thie equipment shall be one hour or

less.
Def aphi. Storage Dis . s" ' Performs

The performsnce requiressnts specified harein shall apply to
the Deformographic Storage Display System vhcen displayiag data
e written only once, measurements to be taken within 10 minutss,
; and messursd uander the following conditiens:

4,1 ’
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"1.) ‘Input data is supplied from a PDP-8 computer over cables
30 feet in length,

2.) On & screen with a 30 inch by 3O fach usable display area.

3.) Using onc Deformographic Storage Display Tube (DSDT) with
its associated optics, ught source ard electroaics on an
1ndlvidual basia

4,) Using & specific black and white schilieren stop selected by
the comtractor.

S.) with all equipment-=including ttluti. safcty features,
ete.~=ia normal operating positioss.

6.) Msasurements of brightness, line width and other related
parameters shall bLe made in a direction parzllel to the
optical path at the center of ths viewving screen using a
Model 2020 Camms Scicntific Photometer with microscope, six
@il sperture and 2.5X magnification, or equivalent. All such
msasuresents shall be made with 6 foot candles of ambient
illumination on the vieving screem as msasured with the seme
iastrumentation by using s suitabdle lambertiam raflector held
flat against tha acreen.

3:3:2 _ Messurement rcchnigg_c!

The contractor shall provide s procedure defining the msssuresmsnt

technigues to be used to measure the dicplay paramaters specified

heresin. This procedure shall define the messurssent squipmsnt,

test conditions, snd test patterans to be used. NKIR-1669, Rav. 1

shall be used as s guide in preparing this procedure. The procedure .

shall be submittad to the FAA for reviev and approval at least 120 days
 prior tc acceptance test. The FAA vill review and cosment or approve

within 30 days uut ‘receipt of the procedure.

In donlop!n; chu procsdure the comtractor shall comsider the
. vee of Covernmsnt owned msasurement equipmeat st NAFXC. If
-—--— information concerning this msasurement equipmeat i{s requireé
the comtractor shall request such i{aformatiom in writing from
the Comtracting Officer. The Contracting Officer will arrange .
& maeting 7ith Covernment technical upnmu:tvn to supply
the rsquired utomuo-. :

e 3 rt _ o
ﬁ Deformographic Stocage Display System shall be capadls of

displaying cata at a brightness of at lesst mm. foot
lamberts at the ceater of the sereem.

e
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" 3,5,3,1__pisnlay colog:

ing screen for all settings of the comtrol(s)..

3. 5 3.2 Btlgbtncus Control

A brightncos cnntroltn) shall be provided to enable the brightnz»s
level to be adjusted fror {ull brightarss: (fection 3.5,3.1) down to

. one=elghth or less of full bdrigitness.

The control of brightness shall be unifors over ths entire view-
‘That is, as brightness
is lovered, all displaycd data on the vieuing screen.shall be dimmed
uniforaly. Also, focus shall not change during small changes of
brightness. Brightness levels shall not bde affected by varying condi-
tions of display data load. The brightncss control may be implemented
to provide discrete increments of brightness and, if so, there shall be
at lsast four discrete leavels.

3.3.,3.3 Brightness Variations

Messured brlghtncuc ‘variations over the antire vi.vlng screen
jue to all causes shall not exceed 60 percent. Messured brightness
variations shall be defined as:

mex - B min , o
x 100 = 3 of brightness variation
B max v
D max = Maximum btl;hinc.‘ reading .

vhere:
- B min = Minimum drightness reading

Measured bdrightness vnrtatton.‘bccunon end vitiin chacactecs
and vectors shall not axceed 40 percent owr a distarce of three
inches or less anywhere on the screen,

3,34 ‘ goutrooc Ratio

Coantrast ratio is the ratio os the brightness of an element
of display data as compared to tha drightness of an area
adjacent to the display data, or:

' t of an element cf dis
Coatrast Ratio = ‘Background brightness
The comntcast ratic shall be sixteen to oma or greatar. The c’.eular .
un..-.:m:y of the vuwu. screen shall h less thaa lﬂ.

3.5 1opl lor d des O

The followiug optical stops shall be providnd !ar each Dafotwe-
graplite Storage Dirplay Tube to permic dtlplay of the imdicated colers:

PR

Plack and wvhite (shadas of gtny) :
Deoth of wodulation two-color: Red and Gecen = three sizes
Spetially polarized foure-color: Red, Greem, mm, ad
Bluish thite = tva icomtical stops.

The optical scops shall be easily inteTchangesble..
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3.r.5.2 Shades of Gray

Vhen displaying dats using the black and white optical stops

the display shall be capable of producing six shades of gray .
ou the viewing screen. ‘

3,35.6 line ﬂtdthlanolutton and Spot Growth .
$,6.1 Lline Widch '

. The width of. a single line measured anywhers in the test
pattern of 3.5.7.1 shall not exceed 0.040 inches a* the 30 percent
~ brightness points.

3.3.6,2 Rasolution

A pair of lines on 0.035 inch centers shall be resolwable any-
where on the viewing screen with at least 20 percent modulation,
vhere:

- .
X modulation = Baax > B min x 100.
B max .

and B max = msaxioum brightness reading
B min = minimum brightness teading.

x.6 Spot Crowth

The ratio of the maximum to minimum line vidth measured lnmtt
in the test pattera of 3.5.7.1 shall not exceed 1.4.1, with l.3.1
a dasign goel.

3,5.7 lLinssrity and Registration Accuracy i R

2,3,7,1 Linesrity

Linssrity shel® bo msasured using & cross hatch pa:un m.uuu
of nine vertics! and nine horizontal lines which are intended to divide
the full usable viewing ares inco 64 equal squares. ‘The hisight and
width of sny square shall not vary by more thea 0.1S inches !m ons~
eighth of the height and vidth of the full usable area.

3.35.2.2 Revrite Registration Accuragy

A dlock of datas is defined to be a group of charscters, symbels
snd/or vectors, contained within an ares of 30 square inches or less,
all of which are written aad erased as & group. iham the followiag
three steps are completad, the data ia step ¢) chall be withia 0,030
inches of the positions of the daca u etap 8)2

, c) A dats bleck shall de vruw in -y mtuo- on the ocm- E
© aot occupied by other data. .

b) This data dlock uhall be salectively erssed umm: amy other
data deing added or delecad from the seresa.

¢) The sams data bloek mu be lwrtun vt.& the _ u-adu
position as tu step a). A-16 '

L ahhd b T e D DU SO AU I Y PO ey SN PO




. . L | Y
3,3,7.3 _Overwrize Registration Accuracy , .

When tvo identical data blocks are written at exactly the same
commandad position with no other dats being added or deleted from
the screer during the interim, the rewritten uu ohau register to

-within 0.030 inches of the original data.

243.7.6 Selective Erase Accuracy

Referring to step b) in 3.5.7.2, the selective erase paturn
shall be commanded to cover an srea sxtending 0.15 inches beyond .u
sides of the data block in step a). 1t shall completely erase the data
block without affecting sy data that is outside tha dats block by
0.30 inches or more, .

3,7,3 istration of Two DSDT Jmages = . PELETE DELETE
Whea fdentical tear ===+ peLeTe_ OELEYS o, 7 1 are written
on bhnaek oo DELETE _ __ Ui configuration, the two images shall coin-

DELETS mm . DFeitnin 0.30 inches at all points within the test r.attera,

3.3,8 Pigp’ ay &;ntﬁ.gtloa

~ The optical u;nuiunou of displayed data (disgonal ot vtuing
scvesn displsy area divided dy usable CRT diameter) shall be variable
from 7.5X magnification to 18X mugnification. Adjustable magnification
for screen sizes other than the fixsd screen duilt into the counsole
shall apply only whan the tube and its optics are ramoved from the .
console, and shall de accomplished by adjusting the projection lens and

- changing the optical path leagth from the DSDT to the viswing screem.

33,9 - _Jicter and Short Term Dtlt

Pesk to nak short term drift or jitter of ttorod duplmd
data shall not exceed 0.0035 inches due ey unml source
of vibration. Drift and jitter are defined as movement of the
dhplmd déta poeition withim & l-simu tantnl.

10 tabildt

: Bquipmsut stability shall be such t the brightnass, focus-
fng, snd other mecessary eoutrols shall not require adjustmsnts mors
fraquently thaa weekly to mset per requirements. . v

' Blastrical horisoutal end vertical aau:iu coatrols shall
be provided to cemter the display. Thess coutrols shall provids a
cangs of adjustwments sufficiant to position the prejectsd slectrom

beam image to the cemter of the vieving screea when display center
eoordinates are addressed. Display center positioning shall not wwe

 more than one-quarter iach from the originsl ’oue o! adjustmant

over 8 one-week pcriod.
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3.5.12 Disnlav Storoce

The equipnent shall be capable of displaying an image without
refresh for thirty nminutes minimua while retaining at least 50%
of the original brightness., Dogradation in display resolution shall
not excecd 101, '

3.5.13 Ciur; ctie “wrortoire

The equipment shall be capable of displaying the tunnty-sii
capital letzers of cthe alphabet, the digits O through 9, and
the twenty-two special syabols showm in Figurs 3-l.

3;5.13.1 Charactervclosure

Line segments of a character or symbol shall be closed or
completed to within 0.015 inch from the idealized fonts.

'3:5.13,2 Chiyactef Positioning

All nlphanuneiic characters shall be positioned so that the
center of the character corresponds to the owverall X, Y position

"command. The twenty-two special symbols shall be position such that

the center of the box drawn around each symbol in Figure 3-1
corresponds to the owverall X, Y position command.

3.5.1 ; Character Sise
The nominsl values of the character size shall be:

0.230 inches high
0.180 inches wide

Maintenance adjustments may be provided to permic setting
character sizes to the nomsinal values. All charactars shall haeve
height and width (where applicable) wlthtn 210 ot the sat vtluc
and shall not vary with tine. :

3,5.13.4 Character §gactn. - - .

Cantar to centat spacing of characters shall be ptegra-.blc
fn increwents o! 0.015 inches or less.

3.3,14 !kttlng and trasing of Data

14,1  Writing Rate and Time , .

The system shall be cerable of & writing rats of at least 20,000

inches/svcond ac the vicuire sereen, The writing time per chazaetry
£i:all not aexcaed Liv aicroseconds. . The tine requircd Lo evele dowe
erasge, evele op, cus vrile 100 chaseters locaréd adiacont to cach

) ) A othor shall not. vicsed LOU ﬁtllittconds.
. " A=18
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3,5.14.2 Erase Time and Control

The erase time shall uot exceed 10 milliseconds per square
inch of display segpent. Under electronic control, erare actCion,
location, selection, and repetition shall b perforued. Manuasl and
electronic flood erase shall be provided..

3.53.°3 Iarut dace

The system shall be capable of sccepting at least ons character
every 100 microseconds. .

3.6 Documentation

- 3.6,1 ggncfal

The contractor shall provide all necessary services and mater-
isla 20 develop and deliver documentation tn the quantities and st the
time specified in the Contract.

. All documentation produced or updated by the contractor shall
shov the contract number conspicuously displayed on each document,
including dravings, to facilitate identification and association
with the contract,,

Documentation such as instruction books, maintencace manuals,
etc. vhich are in existence or in use at tha time of award of Contract
will be accepted if so specifiad in the Contract,. This documentation
shall be updated if necessary to reflect tha equipmsnt design at
delivery tize. Documentacion which is produced as a result of this
Contract srall be producad to good cou-rcul cundatdo, ua&ng the
folloving as a guide:

A. TFAA-STD-010a
B. PAA=D=638h, with Aundnnc |
C. rM-sm-ooz. vith Amsndosnt 1
6,2  Mana c;-:mu:‘ eports
' !bithly sanagement roborn in letter form cousisting >f the
folloving tvo parts r-all be submitted by the contractor during
dntp. devaloprent, ad tuuuuon of ch. nqutp.at.

A, Part 1, Program Status -~ A narrstive of work ptocuu
during the reporting period

B. Psrt II, Problem Aress = A discussion and solutiom of
progresd toward solution of spscial problem aveas. -

A=20




3.6.3 Foulrrent Overation and Msintenznce Insiructions

The contractor shall provide openti.on and naintenance instruce
tions coataininy sufficient detail to allow cperation and msintenance
of ths system by skillad enginears and technicians.

These instructions shall {nclude the basic theory of all
unusual or uncotzmin circultry used fin the ecuipecnt, squipment t{mi-
tations and waruings, schexatfc diagra~s to the discrete componecnt
or pacxaged =ocaule lswl, digital interfszce details, 8 description of
digital signals througd logic levels, voltag: and vaveforms inforeatl.om
wvhete lppro’tuu and ou(uctont dotail to allow componant ceplace-
mant.

Docusentation shall also {nc.ude control requiresents, special
softusre saquances neccssary to the periorszance of the DSDT eystem,
wire iistings as appropriate for signsl/circuit tracing, circuit
schematics and specisl instructions for power supplies, and other
OEM sssemblies not wmanufactured la-houese,

Documcatation shall also include msiatesance ﬁro«dnu.. saiae
tenance aide and alignarnt procedures for the optical system,

These documents, in prelisinary fors, shall be provided to the
FAA st least )0 days prior to plammed or scheduled acceptance testing.

© 3,6.6  Accéptonce Test Flam

‘Tne coantractor shall submit & plam for PAA epproval which et~
1ines the acceptance testiag program tecuired to demonstrats com=
pliance of the Storage Display System with all the requiremsnts of
this engineering requirement. The plan shall taclude but not be
limited to the (ollowing: :

A, The plaa .i.u define tha coatrector's Quality Asesre
enas Program tequired to weet the requircrents of Sectiew &

of this epecificetion. The PAA's Tele ia the Quality Assuramee

Progranm shall be dafinmed. ‘

8. The plan shall previde aa everviev ¢f sll proposed tast
asstivities for all equipment., The overview shall clearly
féentify sll test sctivities required to dsmonstrate cem=
pliance vith the eagineering tequiremeat, l{st teatatiwe

start and cowpletion dates, describe the objectives of sach
test sctivity, list the test cecumentation required, ond
dafime contrecteor and FAA muctntu‘ ia the test
“""‘“.o

C. DPer ueh teot agtivity uucmu fa A sad B sbowe,
the plaa shall previde a sheckliiast of test requive~
"marts, The approved chechiists »'all be woed by tae
contrecior to develep tiw cq.ipicnt test pcmﬂru
ead dats sheets.




0 3.6.5 _Equipment Acceptance Ye:t Procciurcs

The contractor shall submit test procea:res for each test

activity defined by the apptoved test plau of Scetion 1.6.4

to the FAA for rcview and approval. The test procciures shall

include Lhe measurcont teciimigues procciure of Sectiton 3.5.2,

and include all details nccessary to arsure that the testing will
satisfactorily demcnstrate equipment coapliance vith the require-
Boents as contalacd in this engincering requizenent. Each test shall
reference the specified requirexent including the pacragraph nuaber

and tolerance therein of the enjineerir; requircamcnt or other
docuncntatioa for which the test is {ntenced to demonstrate compliance.
The coatractor shall notify the FAA of proposes test dates for

contractor conducted tests coacurrent vith submission of the tesc
proceducres. The contractor shall notify the FAA of final test datas
at least seven days prio: to conducting the test., The FAA rescrves the
-prerogative to witress tests and (0 recuire additional testing as wmay
be needed to show coumsliasnce vith this enginesring requirement.

3}6.6 Jest Data Sheets

Tho con:rnc:ot shall submit to the FAA Test Data Shaets with
‘the teat procedures defined in Section 3.6.5. The contractor
shall subeit the coespleted Teost Dats Sheets Lo the PAA after
corpletion of each activity. Tast Data Sheets shill de
cozplets with rasspect to all cests lpcctttvd in cho (2T14
procedura.

3;,6.7 - Unaseigned ,

3.6.8 Site Prepgrstion Specificgtion

The contractor shall subsut a $ite Preparation Specificetion fn letter
form to the TAA, ia advance of the proposed site {netallation. The
Site rrepatration Specification will de used oy the Governseat ko
prepare the site for installiation of tue ¢oatractor's equipment

and to perform nacessary sarvices not required of the coatractor.

The specification shall includs Bul not Se limited te the followiag:

=22
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A. Definition of power, physical space, and air condi-
tioaing nquircmu to be fumishcd by the Govern-
sent.

B. Description of all required modifications tu existiug
Covernment oquip:nnt. ‘

C. Definicion of cublc and coanector nquuucnts for
the complete inszallacion.

D. Definition ot con:uctor’o office equipment and space
Tequiremsnts to be furnished by the Government during
the installazion and checkout period.

f. Ildentifization of nqduu‘nb for Covernaent and
- othar coatractor's services and tast equipeent.

3.6.9 Installstion Documents

The coantractor shall sudait installation documents to the FAA
prior to delivery of the equipsent. The documents shall con~
tain all necessary information required by skilled tachnicians
ond engineers to correctly install the equipment and initiste
its opsration. The docunents may be selacted data prepared
under other documentation requiremsnts or previously proparod
for instsllacion pt 1ike equipment.

3.6.10 Spsrg Parts Llist erd DSPHT Spares 'Sugggr:

The coatractor shall provide copies of an inital Spare Parts
List contaicing those items the coatractor deems necessary for
the contiouing support sad maiatensace of the equipmeat for

a period of not less than one year. The concractor also shall
provua lor Dsar ( c:.’.; :cphccnan.

©3.1:1 Inscallstion Matertsls s §_Services : .

The Coatrastor shall muu. :

dedug, and test the system at the facilicy dutmtu by the

' Covernzent. Installation power wiring shall be im accordaace
wich the requircoents of the rules of local viring coldes end
the National Llectrical Safety Code. lastsllatioa matorisls -
furaished shali be Undervriters l.»ontonn. 1nec. s»twd :
type. . :

" Ae2)

“




- 3,02 Jraintang Services

. The contractor shall provide hands-on familfisrization and informal
training to a small nuzber of FAA technical personnel prior to final
acceptance testing. Tnis shall be conducted at the coantractor's
facility for ~urposes of understanding the specisl, unique, non-
standard operat.on, alsynrount, soituare control, set-up anc tain-
tanance requircrants c¢f the DSDT systcm.

3.7.3 Cocneration and Coordination

The contractor shall participate in mcetings and conferences and
exchange tecnnical data relating to the equiprent performance and

dosign compatibility with others as directed by the Contracting
Officer. L

A28




CUALITY ASSURAMCE PROVISIONS

' 4.1 GCeneral

The Storags Display Systes shall be tested ot the contractor's
plant prior (o shipment (factory acceptance tests) and afte-
tnstallation at the Goverrment dn.gtutod site (sice acceptance
-tests) ia accordance vwith the :

approved Cest procesures (Soc:ton 3.6.95), and compliance there-
vith shall be demonstrated. All acceptance tests shall be
performed by the contractor and witressed by the FAA., However,
the FAA reserves the right to waive witsassing of the complete
acceptance tests or any part thereof. 1f FAA witnessing of
tests is vajived, the contractor shall furnish certified test
data showing the results of all such tests. In any case,
factory acceptance by the FAA will not de made until test data,
certified to be trus and correct by a properly authorized
officisl of the company, and notarized, has been submitted and
approved by the FAA. Periodic design reviews shall be held at the
contractor's sacility beginning JO days afcer couiract Mt‘

4.2 Acceptance Tests
4.2.1 GCeneral '

The coantractcr shall perform factory acceptance tests and site
accestance tests to demcastrate

that the eqvisment fully meets the requirements of this engi-
neering requivement. The contractor shall furnish all equip~
sent snd test prograse, if required, necessary to adequately
test the Storige Display System. GCovernsment-furnished equip-
ment will not be provided fer factory acceptance tests unless

' 90 lutd by <he Contract.

6,2.2 Yactor: Acceptance Tasts

hctoiy accep .aace tests shall be conducted in accordaace with
the approved .est procedures (Sectiom J.6.3).

,2 2.1 Qua: :z Contgol !p_“s tion

'nm tnop«r. a shall ueludo all checks and t-u doamed
‘NECessary to cmtuu that the mtmt nsets rood mr-
eclal ounard' .

A28
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4;2,2.2 UTactory Acceptance Exercise

The Storags Display Systes shall be emsrcised for s minimm

period of 24 comsecutive hours after complstion of the Factory

Acceptance Tests. Haistssamce schedules for this factory

. sccsptance sxercise vill bdbe deteranined vhem the Factory
Accaptance Tests (Sectiom 4.2.2) are completed snd Test Dets

Sheets are submitted. : : '

4.2.3 Site ]

Site acceptamce tests shall be comducted by the comtracter
after {nstalletion snd shall consist of all tests specified by
the approved test procedures (Section 3.6.3) or othev tests a9
. Toquired to show complismcs with specified requiremsacs.

u_wm oo e

Duriag system debuggiag srior to asd during factory aad site
acceptance tests sa informel mstiateasnce log which liscs
salfuactions, their locatioca ia the system, and how they are
repaired shall de kept. Odd situations, such es csses ia
which salfuncticns disappear for resscns sot clearly uader-
stood, shall also be recorded. Three copiss >f this record
ohall be furaished to the Comtraciing Officer at the comple-
tica of siie scceptance tests if required, othervise at the
conpletisn of factory acceptamce tests. :

4.4 TIpevection of Deoign end Febricaticn ftatus

Upon requast from the TAA, the coutractor shall maks svailatle

for review at his fecilitiae, ot aay stags of the Comtrest,
all iaformstisa regarding thi: desigs ssd fabricatiocm status
of the equipmsat deing msmmiectured te this esgimsecring
fequiremsat, emcept for propristary deta.

4,3 Petificetion of Readinsee for Iaspection
otification of veadinese for iuspestisn shall de ssat teo
“m'ﬁnn,&

B 1
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4.6 Fecilittes for FAA Iagpector
m.&mmmmtumm
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st the desk) for officisl business in connection with the
Contract (cost of long-distance calls mgde by cthe ianspector
to be borns by the FAA), and sufficient working space to

_permit him to perfora his required duties adequatcely if

tequired by the contract.

A~27
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- Appendix A
PDP-8/DSDT INTERFACE

A.1 DISPLAY COMMAND WORDS

The POP-8 Computer controls the DSOT display by transaitting commands
over its 12-bit interface to the display. The commsnds specif;- pertinent .
comtyol information and define the symbols which are to be added to or
deleted froa the display. The various types of 12-bit cosmand words and
their dit contents are showm in Pigure A-l.

The command words are composed of op-code bits and data bits. The
moe” significant bit of each commsnd word is used to differentiate an
op-code word from a data vord.(i 0 defines an op-code word). The next
msst significant dits in an op-code word defime the type of command being -
trmsmitted -- either charscter, vector, no-op, brench or control. The
various types of commands sre considered individually delow.

A.1.1 CHARACTER COMMAND |

The chsracter command i3 used to specify randomly placed charscters
ts the display. It requires the tramsmittal of three words -- the first
esmaining the op-code and charscter code, the second the X positiom of .
the charscter, and the third the Y positioa. The X and Y values define
the coordinates on the CRT where the center of the charscter is to be
piaced. The charactar selection is mede based ca the character code

. “Mmmuspuyduamuuhm
writer fashion, culy the first twe 12-bit werds of the character command
sead be traasmitted cace the lime value (Y) has been established. The
display will otmn‘ﬂnﬂauﬁm.nﬁu!pﬂﬂu..ﬁl'
anh“u“"cmmmﬂm
-mo '
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A.1.2 VECTOR COMMAND |
The vector command is used to comstruct randomly placed single or
chained victors. The specification of vector starting points require
the traasaittal of three words, Mcmmndpuundchdmd
mmﬂnm - op-code, Xpouuu. Y positiom, &X &~
&Y. .

The comstruction of & vector is begun by defining one sad point via
- the first three vector ccamand words. The op-code word with ths vector
start bit 53t to "1" is traasmitted plus the X sad Y gositional values.
- Hhanever the vector start bit is set, the beam motium will be blanked
ead the AX and AY values need a0t be transaitted. In respomse to these
mm.muspwpum mb-ummmm
@ the CXT. : '

e ‘sctually draw the vestar, the other vecter end poiat is defined
usiag all five words. The besm is umblanked and moves to the new ead
poiat st a constamt velocity -- thus comstructing the commanded vector.
Vestors can be chained together by comtimucusly specifying new vector |
end ‘points (ome at & time) using the complete vector command of five
wvends. Axunmmmmuummmum
mummmm ' ~

Al3 WP COOND
‘ 'ﬂhm‘muumtgqthqd»hv.

A.l.4 mm
mma—-‘mu“ammmumam

" sestisn of PUP-8 memory sad to csatimue accessing displsy commsad words

starting st the aevr address. mmmumuuuu--

11 bits are stered in word 2 of the commend and the Most Significent

Mt 0®3), mmw 1s stered in verd 1. :

A.1.8 mmx . : :
mu—iu“uummmmwimxumm,

-uc—l-mm mmmmmumm
' 29 ,
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either operation. A logical 1 in the ersse data bit associates the
6 dits with the ersse operation; likewise, s I {ia the Intensity Data
bit defines the data as inteasity comtrols.

A.1.8.1 Erase -

The MSB in the 6-bit data field being set places the display in
8 selective ersse mode.  In this mode, subsequent unblanked been motion
mu symbols in its path to be erssed. A different Control Command 1
mst be tmuittod to reset the selective erase bit vhea leaving this
mode of cpmum.

The second most significant bit being set places the display in the
flood ersse mode. 1In this mode, the eatire display ares is erased -- either
campletely or partially depending on the duration of the erase pulse. The
1ast 4 bdits of data define 16 levels of erase durstion according to the
following convention: all 4 bits being 0 gives the maximum erase period,
while all bits set to a 1 gives the minimm erase period. A single flood
erase actioa will occur esch time such & commsnd is issued. |

A.1.3.2 Intens ensity
, mmunuumu“um“amx httmttylmls

usiag the following comvemtion: the all seros value turns the iatemsity
off, vhile the all ones value select the maximus intensity. Once an
intensity level is established, it remsins sctive umtil s subsequent
umuyec—uuwummmm. |

A.1.6 CCNTROL WORD 2

This control crmmand is used to transmit -mpxommmm.
'besn settling time delays, end cherscter size selections to the display.
Mmuummamlmthulmdmu
descrided delow. o
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A.1.6.1 CRT Selection

When the display systes uses more than ome CRT it i3 necessary to
m.mmuummm ‘l'huisucqush«lbythodbiu
of data as follows:

Mt 1 - CRT 71 Select - This bit bd.n. set routes all subuqmat
dats to CXT #1.
Bit 2 - ms bit bdu set ‘will route subuqmt tylbou to CRT #2.

u‘!"Ow.

1f aeither Bit 1 or 21s ut. all mbuqmat sydola will not appear

. - dthc display.

A.1.6.2 Positioning DthSoloctiou

The ¢ data bits select the smount of “settling” time allowed to
pesition the beam prior to constructing the requested sysbol. “hem
all these bits are sero, s random positioning delay is selected that is
edequate for any deflectiom over the entire screen.

M8 1 - 1/2 Screen Dolay - This delay can be used to save time if
a-pmmcanpmmuuxmanuzmm
wideh in both axes.
uzz-mmo.uy-msmmwwuumupm
hﬂnﬂmlmtﬁnﬂ‘t&mvﬂt&hhﬁm

Bt 3 - Mot used - must alvays be 0. o
w-wqu-mu:maueuiundnm— ,
pesitioning delay. It is used betwesn successive charscters om
hw:;-xm’. Lo -

A.!.‘.S mnetu Size - ‘ﬂa 4 data .u!hr Nu are uwsed o ulnt

uuum«-mm.ummxwmmm: all
4uumouxmmmlmmsm.m.mum
mxmmmmmmmm-m B
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A.2 DATA TRANSFER METHOD

The PCP-8 used two methods of dats traasfer to commmicate with the
DEDT display. The first method is called Porgrammed Data Transfer (POT)
end involves control inforsation being sent to the display directly from

.. the POP-8 sccumulator. The other setihod, called D:;i Break Transfer

(MET) 1s s high speed direct memory access approach whereby the display
fetches data directly from the PDP-8 memory as it requires it.

The computer combines both of these methods to effectively transfer
command words to the displsy systea using the interface lines shown in
Pigure A-2. The operations involved in a typical transfer are described

‘W. ’ , ) - e

~ When the computer has new dats to be output to the display, it
comstructs the required sequemtisl display comsend words. The words
are stored in list-form in & dlock of PDP-8 memory. Whem the list is
complete, the data transfer to the display is ready to commence. The
tramsfer of the actusl display command words takes place using the Data
Break method. However, the computer initiates the transfer by sending
twe Programmed Data Transfers to the display -- ome specifies the starting
eddress of the data list and the other specifies the word comt. The
display senses all programmed data outputs using its Device Selector
fmmcticn to select the particular ones addressed to it and 'to rsject the
others. then the proper device address compare results, the Device
Salector accepts the data from the POP-8 sccumulstor and loads it into

“the sppropriate counter -- either address or word. MWhem both coum:irs

mu—xm.mmmmmuquumuumm

Mhustnepmunurudyum - | | | .

.mmmubzuumcuu.mmmmm
and reises the Break Request signal to the Data Break interface. It
“Mh&hﬁ:fﬂﬂ%hﬂdlﬂﬂ.ﬁdommlmn
&mmtoumo-mmm&umm-thm




single cycle mode. Waem the POP-8 is ready to service the Break Request,
it stores the memory address from the display, issues the Break State
and Address Accepted signals, and fetches data from the requested memory
locstiom. Wham the PDP-8 kas stored the sccessed data im its Memory
Buffer Register, it issues the BTSI and STSS pulses to signal the display
that the requested data is available on the Memory Buffer Dsta lines.
The display increments its address counter, decrements its word counter
end stores the data in a 12 dit data buffer register. The first word
Teceived {s an op-code word, which is immedistely processed. The displsy
.J08s BOt 1eset the Break Request signal at this time; it is held active
to request snother mumory access fru the FDP-3.

The cp-eodc woxd is processod by decoding the cp-code and routing
_the mg bits to the appropriate rogister: character code, control
werd 1 or control word 2. The no-op command is not routed to any register
and therefore it does have sny effect om the display. The op-eodu for
mmum:«-:u«.:mumwaw«umdu
esajuncticn with & 2 bit coumter to route the data words which follow
e the sppropriate register: x. Y, u. AY or address.

’limnuM:‘tnmSnndmdupuyea:w'
to fetch, buffer, route and store data words until the Interfacs Comtrol
lqicsmnmtulmdmmmuochmtuumm
csmasnd have been received. mmpnymmuu received all
ﬁ-mumutduthmmunomthnam“t
. op~code word (detectadie ss MSB=0) has been stored in its data buffer.
n-m;mzwxymummewmumuu'
Baffer and does not process it wmtil the previous comsnd Mas been
emscuted. nm:th.thhtmmmluuemmthm
mmuewummuunuunum-
asls the display to process the character or vector command. The display
mmm;'mudmmm. Wien the conmend has
~ bosm completed, the display lesves the busy state and the Iaterface
oauénopeu.mwmummegamm-cm. .

i
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~ The Branch, Control Iml'l. and Control 2 cocamands are processed immediately
s&d therefors do a0t requirs the display to eater ths busy state.

The display continues its proccssing, one e-wl at & time, wutil
the Ixterface Word Counter is decrensnted to zero. Then the interface

eperacion cesses and the display generstes s Program Interrupt to inform
. the POP-8 that it has reed and procsssed all of the specified data.




*
s lo 1 1 ¢ CMRACTER CODE - 7 BITS
1 X POSITION - 11 BITS
1 ¥ POBITION - 13 AITS
o 'jlo 1 1t 1 . . BON*'T CARE
: T PCSITION - 11 BITS
1 Y POSITION - 11 BITS
1 AX - 11 8ITS
1 AY - 11 3ITS
e lo ¢ o  som'r cAns
] ey
e leo o 1 o o

MODIPIER DATA
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DATA
PROCRAM INTERRUPT
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(um'mss (12 msi | -
MBERY SPFER DATA (12 ms)>
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APTDOIX B
TECHNOLOGY NOTE

DAYA DISPLAY TECHNOLOGIES -

INDUSTRY REVIEW

By:
‘Gerard Spanier
"uman Engineering Branch
FAA/NAFEC

March 1975
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- The purpose of this Technology Note is to list the device

technolugies that are prescntly being utilized or considered

to produce displays for alphanumeric and graphic portrayal

of information forms pertinent to a terminal (tower) information
processing system. In addition, where applicable, the extent
of the upplication of the technologies to available de\nccn is
described, and an indication of the pertinent performancu

“levels is included.

The sources of information include published advertisements,
published technical journal papers, measurements directly on
devices, demonstrations of devices and/or technologics,
technical discussions with industry and govcrnmcnt enginecrs,
and reference material from texts,

ey
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The following list enumerates the basic technologies that have been
reviewed for possible application to the flight data display program
for towers and TRACONS:

Direct view cathode ray tube
Projection display from stored image
Direct view mechanical

"Direct view solid state

Dircet vicew gas dischargce {plasing)
‘Loser scanncd projection

N W N e

1. Dircct View Cathode Ray Tube

Direct view CRT's comprise the largest groups of dirplay
device types in usc in the FAA, Limited size and shape configura-

tions are available, and special sices, rouand, square, or rectongular,

are within the technology capability, up to a dicmeter of 36 inclies,
High radiu. of curvature {flat tube} reqairciments limit the practical
sizc to a 20-inch (vicewable) diameter for safety purposcs,. Develop-
ments in {ront surface treatments and optical baadpocs {ilters permit
CRT's to be viewed, at adequate Lut reduced pe r'm mance leve !~ in
dircct sunlight conditions,

“The need to refresh CRT's iniposes o Vimit: tion on the An'm;.:-xx
of data that can be displaycd on a sioile CRT, and the capability for
data enhancement by the use of pc.!\cl romatic techniques is not
easily nor ineapensively added.

Present costs range from almul £100 for ccrnmiercial or .cnter-
tainment type CRT's in guantity to $900 for specially designed CRT's

with specially de.ig-u'd filters. These prices can expect to increase

primarily because of ;liss costs and |hr hl;,hcr costs of small

‘quamllico (IOOO) for FAA purpone-

lmprovemonu in phoophor efficiency, gun efﬂclency. dellection
sensitivity, and spot size can be expccted in the near term when
coupled with specific requirements and development programs.

2, Projection display from stored image

a, Deformographics
b. Liquid crystal
¢. Photochromic, thcrmochromlc. clcctrochromlc

»2
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A, Defofmoguphicn

. Deformographics display devices, coupled with a Schlieren
projection system, have reachcd a technology level that permits them
to display polychromatic, high resolution, controlled persistence,
iong storage graphics and/or alphanumerics under diverse ambient
brightnesses on a flat uisplay surface that is noareflective, inherently
safe, and unlimited as to shape within a practical display diameter
limit of approximaicly 8 feet. As compared to a graphics A/N CRT,
it can display approximately four times the data with no flicker,

_ The only part of this device that is technologically sensitive
is the deformable target. Over 150 targets have been assembled
into small CRT ULottles by two different vendors in order to establish
operational retliability and reproducibility. '

The performance level of the target is ‘onit(actory. and further
scheduled devclopment is well underway to produce targets for specific,
limited range, performance for individuxl applications.

Present costs for individual, multipurnose evaluation consolcs,.
operating as stand-alone intelligent terminals are probably in the
$100, 000 to $200, 000 range,

Near term display system costs-in production quantitics are
expected to be ia thie $10,000 to $15, 000 range.

The actual{in quantity) costs for the two main parts of the '
system, over and above a CRT terminal, are

a. Oplical oyntcm $300 '
b De(ormographic Stoarage Display Tube - 3250 $300

These ono-umc costs are small compared to the overall
cost.ef a di-play term!nal

‘The ISO watt projection lamp is c:pest"l to cost $300 400
per year, 4 .

: :Tbh display device, because of its versatility, may be applied
as an approach towards a "universal" display eystem.




B. Lulmd Crystal

- Liquid cryltal slides of approximately 1 to 4 square inches have
been developed as light valves. A source of an imagc must be
separately provided, and the image projected onto the crystal.

No commercially available devices exist today, but many
are in the development stage. Resolution capability is expccted
to be very high but the device has not been evaluated to the degree
that would permit cven cautious optimiam,

Because it would utilize a similar Schliercn prdjcctiou ls)stuh,

it may be compatible with dcformogr:xphxcs for ccrtain monochromaur.

high resolution applicatio: ..

C. Photochromic.Therm’ochromic. Flectrochromiec, etc,

There are a number of technologics that huve resulted in
demonstratable devices that have had potential for ATC displays.
The photochramics, thermochromics, and cathodockromics are
CRT's with special storayge coatings in place of the phosplor. The
slow responsc, slow erasure, rellection inefficiency, and projected
contrast ratios have causcd these devices to be eclipscd by the
deformographics storage display tubs as an imige gencrator,

" Elcctrochromics is a solid state version of a digitally controlled,

chemically coated, point-addressable array, which can alter the
rcﬂvctivily, or color, of an _addrcsu-d puint under digital control,

The image is pro)ected by Schlicren. Schmxdt or other conven-
tional optical means. . , .
A direct view dhplay of clectrochromirs is also under connd-
.eration,’ :

Prc)cétion display systémn prov_lde- a .pa ruc\'ala'r advantage for
the air traffic control function. Even though the final display size
may'bo.in the 1-square foot to 8-squ.\re fcet range,

, . - prcjocﬂon displays can be adjunted to provide !rrognlar
dlophy areas lor optimum consolc use,

b - they can be adjusted to allow variable dhplay cho for
varyln. viewing dhtance condmon-.
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¢ - they can be standardized for multiple applications using the
same basic hardware, -

d - they can utilize the best, highest resolution, highest contrast, ctc.

(depending on requirements) iinage sources, aven though the sources
may be sevorely limited in size duc to manufacturing technology,

e - thoy pe rmit upgrading of the image source, as technology
allows, without major elcctrical hardvzare changes, and no optical
havdware changes.

3. Direct View Mechanical S

a. Moechauical projection, small scale
b, Passive, magnetic immovement

a. Device developmant has been limited in this area due to
great competition from solid state dcvices.. Mueltiple lagend devices,
where peredetermined und fised formatting is acceptable, can be
appli¢d for smail data displayr,

Where cost and apace arce prime congiderations, several
square inchcs can be allotied to onc of a number.of this type of

-

indicator, . =

b. A rccent development has been in the area of digitally
controlled; magnotically actuated, magnetic particles. By addressing
a smali area, the particles in that arca are rotated to produce a con-
trasting color. This has not been demonstrated, but the concept is
. under study by industry, i

4. Direct View, Solid State

a. Light Emitting diodes
b, Liquid crystal .
¢. . Thin {ilm ( Elcctroluminescent)

a. LED's are commercially available as low cost, high relia-
bility, high contrast individual character displays. They can be
stacked to produce arrays that have a practical 1imit only with respect
to the addreesing techniquo that connects the LED's and provides data
control and refresh. For displays up to 500 character positions, practi-
cal devices have been made and demonstrated, The use of alpha/
numerices and TTY character fonts is restricted to a 5 x 7 dot matrix,

*
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They are very amcnable to custom sized arrays, but the
smallest character size is approximately 0.3 inches, At least
4 colors arc available, but only in secparate characters. The next
gencration of LED devicea will be using doped GaP or GaAs and will
be able to generate four colors under digital control within a single
character.

b. Liquid crystal devices are beyond initial stages of develop-'
ment and arc being used for small character size displays such as
clocks, wrist watches, calculators, ete, They cannot be fabricatud
in panels larger than a few squarc inches, The high resolution poten-
tial indicates a future usc, as an image control and h;,hl amplificr in
a projector system, which could be quite small in size. For the near
futurce, it is rnot an applicable tcchnnlhgy. It requires an optical
sourcc at present for the information; however, their film tech.
nology developments ‘(sec below) have been successfully applied to
produce larger dot arrays, which appear to hold greater promise
for applying the techinclogy., The dot array concept places a discrete
LCD at a digitally selected point as an electronically sthched soot
that can act as a conirallied on/cff light reflector. A/N are’
produced on a matriN basisa, Questions about life and {ailure modes
have not been watislactorily answerced to encourage larger sized
displays, 4

¢. Thin film - Westinghouse Reaearch Labs have beea able”
to develop a mithod of using thin filin technology on a glass plate
to deposit the control and drive circuits for a dot addressalle
display svstem in an arca small enough to be cove red by the
addresved dot. This appears to uolvc an addreasing and h:xrdware
problem for panels of LCD or ¢l rctroluminescent materials, which
are appiicd also using thin film t}chmqucs. The addrcssing of
portions of one million dots (for 3 1000 by 1008 point display) s
still considered the limiting factor to practical digital panels. They
have dcinonstrated their techniquis on a 6 inch by 6 inch pancl with
14, 000 points. ‘ . ' :

S. Dirlcct View Plasma

Plasma panels are manufactured by at !aui four companies
and permit displays up to 256 characters, or 8.5 by 8.5 inches in
the casc of the discrete point address type.

) . ) .
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Owens-1llinois produces several sizes up to 8.5 x 8.5 inches
and appear to see a limit at 17 inches.

Burroughs produces many types up to an 8 x 32 character
display, and a 12 x 40 character display will be maricted at the
end of 1975, .

Control Data Corporation produced a number of sizes up to
16 by 80 or 20 x 64 characters. They have also built, for the -
Air Force, an 8-|nch by 32-inch pancl with a resolution of 33 lincs
per inch, ‘ .

Plasma panels presently suffer from low contrast in high
ambients, but can be applicd as small package displays in or near
existiug consolevs in TRACON cnvironments,

Questions relating to life and reliability still have not been
adcquately answcred,

Multicolor types are not presently practical, but developmie. ¢
in several color technologies are vaderway.

6. Laser Scanned Projrction Systems

-

At least two approaches ire being pursucd for utilizing the
high energy, small spot size lascr Leam to create a display.

' Several companies market a lascr projector, which is
analogous to a large CRT without thc glass bottle. A laser beam:
is mechanically or eiectrically scanncd to sweep an image on a
screen. This has proven saccessful but the size of the package
does not presently permit ils practical consideration for smaller
display systems. It was designed as a large screen projector,

Similarly, a hoer is used to scan, a banum coated thermo-
plastic film, which is ‘then used in a'Schlieren projection system,
This can be packaged in general cubic feet, and may be a potential’

" competitor for other medium and large screen projection systems,
This device does not reuse the film, but the technology exists to
incorporate a reuscable film process in the system,

Laser devices are not under consideration as small display -
devices, -

7 .
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Soction 1
INTRODUCTION

~ The inteat of this procuresent is to obtain a Deformographic Storage
Display Tube (DSDT) console from the International Businecss Machinés
Corporation (IBN). This is to be a prototype consoic for evaluaiion
purposes. It will be used at the Federal Aviation Adnminstration's (FAA)
National Aviation Facilities Experinoental Center (NAFEC) to assess the
potential of such a Jevicu for use in the National Airspace Systea.

The equipment to be provided is described in the applicable sections
of the "Engineéringz Requireaent for a Deformosraphic Storzage Display

Systea® (ER) dated May 15, 1974. Siace the ER is written to cover various

configurntions and options, this work statcment dofincs the particular
requireoents that are applicable to this procurcment. Section 3 contzins
refcrences to every cection of the ER and defines the applicability of
cach provision of the ER to this specific procurement.

Section 2 defines the scope of this contract and Appendix A provides
8 technical description of the interface between the cquipment to be.
provided under this contract and the FAA's POP-8 computer which Mill be
used to control this oquip-ont.

3




Section 2
SCGPE .

The actual equipment to be delivered under this contrac: is that
described in scetions 3.3.1 and 3.3.1.1 of the ER as further dolincated
in the associated paragraphs in section 3 of this Statement of Work.
-The contracter shall be rosponsible for all design, developrment, fabrica-
tioa, checkout performance testing and dclivery of the equipment identified

_in section 3 herein.

Ccrtsin other items and activities, such as spare parts, installation
ssrvices axd site acceptance tests will be provided by the contractor,
if reqrested by the FAA in accordance with the provisions of section 3
Mo, hut ot additional cost over and above the basic $cope of this

procrresent,

e anLicipnicd leriod of performaice is 270 days frem contract
euaad WO delivery at the NAFEC facilities,
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Section 3 _
EXGINEERING RTQUIRLMENT CROSS REFERENCE

The following paragraphs define the applicability to this specific:
procurerent of cach individual scction in the ER dated May 15, 1974. Al
of th: following refcrcnces in which the symbol "§* is used to indicate
a :ection number rufer to the designated sections of.that ER.

S$1. Directly applicable to this procurerent with the undérstanding
that the ER covers virious configurations and bptioﬁs which may be pré-
cured at a later date, but this procurcment involves ohly a single con-
flguration'aud certain specific provisiuns of the ER as further defined

below.

52 - .2.3.3 As stoted in the §1 of the C? thvnc docuuent s would
nprly to any future procurement of cquiprents. fcr dctual vse in the
h“txoual Airspace Systes, but are to bo "used as 2 puide whercver ’e:rzbln"

ia this coatiuct.

|52, 52.4 Directly applicable with the undcrstand:na that this Statenent
of Work (SOw) is a part of the contract referrcd to in (a).

$3.1  Same applicability as 51. Furthcf'dcfinitlon of'intcrface
requirc-nts is provided in Appendix A of this SOW. ’

§3.1. l 1a Thxs contract is for zn En- Routc Consolc Equipment con-
figusation as further defined in reference to §3.3. l 1.

!3.1.1213 Vot applicable to this contract.

13.1,0.2 - 3 1.2.5 Applicability to this contract is as Lefined
talonu in -cfer.nce to 53.~.§ - 3.4.8 and §3.6 - 4 6.

§3.2 Dircctly appl;cablé to this contrace.
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§3.5.1 Items a, ¢ and J are applicuble to the exteat defined hercin.
ftem b is not applicable to this contract. Only an En-Routc consolc

‘configuration is covered by this contract.

55.3.1.1 The Govcrnnent Furﬁishcd Equipocnt referenced in this section
shall be delivered to the contractor's fagility within 30 days of divection
Ly the TAA to proceed on this contract. The equip=ent to be installed
in the console under this contract shall consist ofuthc_followipg:

1) One Dcformographic Storage Disnlcy Tule (DSDT). .

2) Onc light scurce and one Schlicren optical system.

3) The deflection drivers, video driver and crase éircuwitry reguired
for one DSDT. .

4) ' C.c set of clectronics os defincd in sglivceiion (ib i ths
scction ol the ER, | ‘

5) Cac viewing screen as definzsd in $§3.49.2.

6) Thoso power supplics required f{or the equipzent defined in 1)

through 4) above.
§3.3.1.2 HNot applicable to this coatract.

§3.3.2 'D{rcctly applicable. The centractor is not requirca to take
corrcctive cction (sxcept by proper application of the changes clausc of
this contract) to circumvent any discrcpancy of the Government's PUP-8

. er itsvintcrfaces'frou'thé dcscrip:ions contained in the referenced docu-

meats as provided to the contracter by the FAA.

33.4.1

Oaly. the ‘En-Route console configuratinn a5 further defincd

ierein i3 anplicable to this contract.’
33.4.2 Birectly applicable to ihis controct.

£3.4.35 Mat applicable to this procurcment.
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. $3.4.4- 3.4.4.2 No modification of existing design3 or design
praétices are‘rcquirgd. Applicability is as defined in reference to §1.

$3.4.4.3 - 3.3.4.4 Directly applicable.

§3.4.4.5 Directly spplicable. The PDP-8 is cumsidered to be in the
catepory of “available test equipment' mentioned in this section.

13.4.5 Outsx&é the scope of this immediate procuremcnt.
'53.4.6 - This requirement ma’ be satistied by providing a list of the

standard test equipment uscd by the contractor in smaintzining this equip-

uent. -

33.4.7 - 3.4.7.2 Directly applicable.

35.4.8 Directly applicable with the understcrding that the actual
cost and procurcaent of any spards is outside the scope of this procurement.

33.4.9 - 3.34.9.3 Thesc paragraphs indicate the Mcan Up ard Dowr
Tizes that the FAA desires that equipment of this type will achieve.
Howu\cr. they "are not subject to tests or de-onstrattons" nnd ‘do not

constixute s warranty of any kind.

§3.5 - 3.5.7.4 Directlf applicable cxcept for an} refercnces to a
dral-tube configur1i£cn. It is understood that while all of the optical
stcps described in 3 5.5.1 will be providcd color is considcred a poten-

" tial grewth feature and no spceific color performunco is requxred, nor

will auy spccial electronics to generate color data be provided under this
contract. [t is further understood that the phrase "urxtten only once"

in 13.5.1 does not precludc multipie scanntng of data in thc process of
vriting that data as long a3 the writing rates of §3.5.14, 1 are sntlsficd:
but rather, is ccant to preclude any refresh of that data as with a

con\cntxon“l phosphor CRT.

c=3.
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§3.5.7.5 Not applicable.

§3.5.8 - 3.5.14 Directly applicable, except 3.5.9 which has been
deleted.

$3.5.15 The }hterface rcquircmcnts of this equipment with the POP-§
shall Le as definced in Appendix A of this SOA. All prog¢rarning of the
POP-8 and other activities raquired to dcfinc and coantrol the duta and
fer.ats to te dizplived by this equiprent are cutsile the scope of this

precurerent,

$3.6.1 -1t is anticipatced thet cle bulk of the do¢ircentation provided
b the coutractor will be copies of, or derived fre=, dacurents in cxistence
at the time of cuntraét amard., Therefore, in crder to peduce the expense
to the government, the prizary reiuirs=ent is th.t they te veaduble and
usacle for the purposes defired herein. Except as otherwise stated in

the 4pplicable scctions of the ER or this SOW, delivery of ~=. copy of
of the prire equiprent under this centract.

§3.6.2 Dircctly anplicabdle.

- ——

' 35;2;1 Dircctly'aﬁplicable. Tne data intended by the phrases
‘“eentral requiresments, <peéihl sofiwarc sequences nccessary te the
perforrance of the DSDY s;stea is that found in Appendix A oiltbie' :
LR

il;@:i Thisvplan shall bo‘submi:tcd at least 120 dnys priok to
the tare of Acceptapce Testing, -Approval and/or cosaears will he provided
Yy the FAA within 30 dzys of reccipt of this plan,

‘§3.5.5 and _3.6.0 Thesc precedures and sample teut data sharts
~ha') be nubaitted ot least €9 davs priov to the start of Avccpténcc
ST tine, ond the FU\'s respente. ortier spprovins o1 cormaaring pn the

sr'eissiea, Shall be provided within 33 days,
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$£3.6.8 and 3.6.9 Directly applicadle.

§3.6.10 This list shall be provided no later than 120 days fron
contract award. The actusl provision of any and all spare parts is out-

tide the scope of this contract.

!3.7.1 Instaliuticn materials and §erv§ccslshull be provided by
tae contractor as requested by the FAA on the basis of actual time and
woterials, based on the man -day rates and other considcrations specificd
ia the cost portion of this_:ontrﬁct, over and above the basc cost of

this procurement.,

¥3.7.2 and 3.7.3 Directly applicable.

:j.lv- 4.2.3 Directly applicable, except that if the FAA clccts
ro hold site 2cceptance tests under the meaning of these sections, the
perJoriunce of these tests by the ccn;tactér’s personnel shall be at the
m'n-gay rates established by this contract and shall ‘be over and above
L. ¢ dzsm cost of this procurement. Notification of intent to hold site
Zegplanoe tesis shall be made by the FAA at least 60 days prior to

¢ live=y of the equipzent.
. .

§¢.3 These records may be copies of informal notebooks kept by

the engiace s‘and';echnxcinns in the procéss of'system debugzing.

$4.4 and 4.5 Directly applicable, except for IBd-uwned propiietary ,

- ———

data,

34.6 Access to such facilities as are listed ln'this section will

——

te vdvided| Sut not necessarily for the cxclusive use of an FA\ Inspector,

,
(X% Y
)
-

fae FOB destination shall bLe the NAFLC facilities at Atlantic

. "l';". vy,
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Appendix A
PDP-8/DSDT INTLRFACE

A.1 DISPLAY COMMAND KCRDS _
" The PDP-8 Couputer controls the DSOT display by traneamitting coumands

‘ovus its 12-bit interface to the di:pliy. The commands specify pertineat
ceatrol inturmation and define the syrbhols which are to b~ added to or
detered irem the display. The varicus tynes of 12-bit cormoend vords and

their bit contents arc choun in Figure A-L. ' :

v The comarnd words ure coemposed of op-code Bits and data bits, The
rast ﬂignifiCunt hit of each coriinl word is uxed to differentiate an
op-taode word fre o data word (a O defines an op-code vord)., Tho next
rast signiticant bits in an ep-code ncid defire the type of coumaad bering
toaicnitted -- either character, vecter, no-cp, branch or control. The
various iypés of conmands are censidered individually below.
A1l1 CHARACTER COMMAND

The charactes coimand is used to specify randomly placed cheracters
to the display. 1t requires the tranc-ittal of three words -- the first
c¢c tuinierg the « p-code and characier ccde, the second the X pusition of
the character, and the third the f position. The X and Y valucs dcfine
“ths coordinates on the CRT where the center of the character is to be
plsced. Ihe charucter sclection is made ba<ed on the charseter code
“hits,

;!hcq ahracters are Doing 'iiplaycd on a horizental line in type-
uriter fashion, ouly the first two !2-bit words of the chrricter con sand
need Lo transmitted once the line value (Y) has been establirhed.  The
-di'play will storc and rairtain cach-parunctér; such a« ¥ position, until.
AL ruriﬁctcr is conanded 1o chonee by a sub<cyuenat Jdata vord of the

e type,
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A.1.2 VECTOR COMMAND

The vector womaand is uscd to construct randomly placed single or
chained vectors. The specification of vector starting points réquirg
the transmittal of thrce words, however vector end points'and chained

vectors rcquire five words -- op-code, X position, Y position, 8X and.

The construction of a vector is begun by defining onc end point via
the {irst three vector com.and words. The op-code word with the vector
3iast bit set to 1" is transmitted plus the X and Y positional valucs,
vhuncver the vector start bit is set, the beam motion will be blanked
zad the 8X and 4Y values necd not be transmitted. In re5ponsc;io these
threz vords, the display positions the beaa to the proper coordiuates’
vt uite CRT, |

To cciually draw thé vector, the other vector end point is Jefined
v.inn 41! five words. The bezn is unblanked and moves to the ncw end
7oint at a -~cnstant veleeity -- thus coastructing the cosmanded vector.
Veelrrs ¢ be chained together by continuously specifying new vector
end points (onec at a time) using the coaplete vector command of five
werds. AX and AY are the srithactic differences betwecn the end cuard-

in«fus and the starting coordinates. ‘ ' .

L.1.3 NO-0P COMWND : . _—
This comzai.d rauses no action on the display.

A.1.¢  CRASCH (0S2'AND ‘ , ' '

v Branch Cexmand can bo used to cause the display to jump to another

cection ol POP-8 memory ind to contiaue accessing display command words

“t.rtiag at the new address. The new address is conposed of 12 bats --

L.hit. arc stored in word O of the conmand and the ‘ost s;gnificant
Jie (152), called "Aranch High', is stored in word 1.-

VLS EDNTROL CINTIAND- R
thew coiibnd 1s uned to either set the intensity level ot the dirpiay

ov tn oeniand onocrate operation.  Six data bits. arve provided to supplencnt

-
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either operution. A logical 1 in the erase data bit associates the
6 bits with the erase operation; likewise, 3 1 in the Intensity Data
hit defines the data as intensity contrels.

'A.l,S.l Erase

" The MSE in the 6-bit data field being set places the display in
a selective erase mode. Ia this mode, subsequent uﬁhlankod,bean motion
csuses symbols in-its path to be erased. A different Contro! Com-and 1
rust be trunsmitted to resct the selective crase bit when leaving this
zmode of op«ration. '

The second ~ost significant bit being set places the displry in the
flocd erzse rode. Ia this rode, the cntire display arca is eraced -- either
corpletely or partially dcp;nding on the durztiun of thq erase pulse. The
last 4 bits of duata definc 16 levels cf erace duration ¢cccrding to the
folluwing cenvention: all 4 bits beirg O gives the maxizun erasc pcriod,'
while ﬁll bity <et to a | gchs the minimun erase period. A single flood

erase action will occur each time such 2 command is issucd.

A.1.5.2 Intensity

Thc «ix¥ data bits are used to proQidé 64 sy:bo{'intrnsity levels
esing the following converntion: the all zeros value turns the intcensity
of f, while the all ones value select the maxizuam intcnsity} OJ:e an
intensity level is estoblished, it remains ietive until a subsequent
intennity command is itshéd to ch&ngc the value. .
A.1.6 CONTRCL XORD 2 ‘ |

This control cemmand is used to transait multiple CRT sclectioﬁs,
bean «éttling.tiﬂc delays, and character size sclections to the display.
Four data bits arc providcd to. supple~ent -the sclcctcd function as

B

des-ribed below,
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A.1.6.1 CRT Selection

¥hen the display system uses more than one CRT it is necessary to
route the symbols to the proper CRT. This is accomplished by the 4 bits
of data as follows: '

Bit 1 - CRT 01 Select - This bit being set routes all subsequent
data zo CRT #1,

Bit 2 - This bit being set will route subsequent synbols to CRT #2,
Bit 3§ 4 - Spare.

If neithor Bit 1 or 2 is set, all subsequent synbols will not appear
on either display

A.1.6.2 Positioning Delay Selection .
The 4 data bits select the amount of "“settling" time allowed te

position the beam prior to constructing the requested symbol. When
ell these bits are xcrd; a randoa positioning delay is sclected that is

sdequate for any deflection over the entire screen.

Bit 1 - 1/2 Screen Delay - This delay can be used to sava time if
the position change botween symbols is less thanlllz the screen
width in both axes. -
Bit 2 - 1/4 Screen Uelay - This allows additional time ssvxngs for
deflections less than 1/4 the screen width in both axes.

' Bit 3 - Not used - must always be O
8it 4 - Type Hode Delay - This bit being set causes the minirus
positioning delay. It i's used hétweén successive qharactérsfon"f~r

& typewritten line,

- A.1.6.3 Character Size - The 4 dlfa modificr bits arc used to sclect

ont of 16 character sizes 2ccording to the followi ng convention: all
1 bits being 0 sclect the srallest character size, while all 4 bits

'bcing 1 select the larjest chzrzacter size,
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"A.2  DATA TRANSFLR MCTIOD

The PUP-3 usced two methodz of data transfer to communicate with the
DSDT Jdisplzy. The first method is called Porgramacd Data Transfer (FDT)
nd involves controlbinfornzuion being sent to the display direcily fron
the POP-8 sccusulator. The other rethod, called Data Break Transfer -
(DBT) is a high speed direct cemory access approach uheteby the display
fetches'daga directly from the PDP-8 memory &s it requires it.

Tho computer combines both of these nétbods‘to effectively transfer
cozmand words to the display system using the interface lines shown in
Figure A-2. The operations involved in a typical transfer are described

below.

Nhen the compater has new data to be cutput to the display, it
coastructs the required seqﬁential display commard words. The words
are stored in list-form in a bleck of PD7-8 mecory. FKhen the list is
ccuplete, the data transfer to the display is recdy to coiowence. The
transfer of the actual display concand words tckes pluce using the Data
Break method. . However, the computer initiates the transfer by sending
two Prograsscd Data Transfers to the display -- one specifies the starting
address of the data list and the other specifies the word count. The
display senses all programmed data outpdts using its Dévice Selector
function to select the particulaf ones addressed to it and to reject the
- others. When the proper device address compare results, the -Device
' Selector accepts the data from the POP-8 sccusulator and loads it’into
the apprbprigto counter -- either address or word. Xaen both counters
have been loaded, the Interfacce Control lcgic is notificd and the Data

_ kreak Transfeér operation is ready to bezin.

The display sends 12 bits of sddress (those received from the PDV)
and raises the Break Request signal to thé Data Break interfaco. It
alsn holds the Transfer Direction and Single Cycle interfice lincs in
the proper state to causc an output transfer from the PUP-8 in the

c-12
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single cycle mode. When the PDP-3 is ready to service the Break Request,

it stores the memory address from the display, issues the Break State
and Address Accepted signals, and fetches Jdata from the requested muerory
location. then the POP-8 has stcred the accessed data in its Memory
Buffer Register, it issues the BTS) and BTS3 pulses to signal the display
that the requesfcd data is available on ke Memory Buffer Data lines.

The display increments its address counter, dccrements its word counter

‘and stores the data in a 12 bit data buffer register. The first word

reiceived is an op-code word, which is immediately processed. The display

does not reset the Greak Request signal at this time; it is held activce

© to request another memory access from the POP-8.

The op-cocde word is processed by decoding the op-code and routing
the remaining bits to the appropriate register: character code, control
word 1 or control word 2. The no-op commaﬁd is not rcouted to any regi-ster
nd thercfore it does have any effect on the display. The op-codes for
the rultiword ccrrands arcistored in the op-code decoder and used i

cenjunction with a 2 bit counter to route the data words which follow

~ to the appropriate register: X, Y, AX, AY or address.

The Break Reqguest signal rcmxin; active and the disélay continues
to fetch, buffer, route and store data wdrds until the Interface Control
Josic senses that all the data words for one character or'onc vector
ccroand have becn received. The display knows that it has received all
the words asscciated with one command when it senses that a subsequent
op-code word (detectable as MSB:-0) has been stored in its data buffer.
e displzy';crtcrﬁriiy kolds the subsequent op-code word in its Data
Butfer and dous not process it until the previous command hcs been
txecuted: @t this tiue, the Interface Confrol logic rescts the Break
Pequest signai to tenporatily discontinue the Qata flow and it then sig-
ity the display to process the character or vector command. 1he dispiay
enters the busy state and processes the command. When the cormand has

veen complutud; the’dxspiay lcaves the busy state and the Interface

“Ceatrotl logic is ayain enabled to fetch woirds from the FOP-$ nemory.

’ .
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The Branch, Control Word 1, and Coutrul 2 commands are processed immediate'y

and thereforc dov not require the dicplay to enter the busy state.

~The display continues its processing, one command at a time, until
tl.e Interfuce Werd Counter is Jecremented to zero. Then the interface

oneration ceases and the displ.. rercrates a Pregram Interrupt to irforn

the PDP-S that it has read and proc ssed all of the spccificq’duta.

c-14.
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Section 1}

ACCEPTANCE TEST PLAN FOR A DEFORMOGRAPHIC
STORAGE DISPLAY (GSD) SYSTEM

1.1 SCOPE

This document defines the design parameters that are to be
verified in the performance of the Deformographic Storage Display (DSD)
System during an acceptance 'test procedure.

This document providos an overview of the tusts to bo perfor-ed'on
the DSD System and is not intended to describe in detail how the tests
will be performed at specific test points.

Three supporting documents shall be provided to sccomplish the
detailed acceptance test. The documents are listed in 2.2 and 2.3.1.
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Section 2
APPLICABLE DOCUMENTS

SPECIFICATIONS - IBM
EA3325 Engineering Requirement for a Deformographic

Storage Display System June 10, 1974
SPECIFICATIONS - IBM

- 75-M35-003 . Accoptahcc Test Procedure for the Deformographic

Storage Display (DSD) System

75-M35-G04 Deformographic Storage Display (DSD) Systeam

Operation and Maintenance Instructions

OTHER

.1 IBM DOCUMENTS

75-%35-001 Deformographic Storage Displ;y (DsD) Systen,
Description of

.2 DIGITAL EQUIPMENT CORPORATION DOCUMENTS

" PDP8/1 & PDP8/L Small Computer Handbook
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Section 3

REQUIREMENTS

3.1 GENERAL

This Acceptance Test Plan dogcument defines those tests required
to demonstrate that the DSD System complies with the requirements of
the fagineering Requirement for a Deformographic Storage Display System,
FAA # [A3325. The DSD System will be tested while various test programs
are utilized in the POP-8/1 processor to provide the DSD with the proper
stimili to present the desired display patterns for test purposes.

Somc requirements of the DSD are expressed in terms of displey
parancters, i.e., brightness, contrast, storage time, erase time, etc.
These paramcters shall be measured at the display screen surface with
optical aeasuring devices to obtain quantitativse data.

.1.1 TLST EQUIPMENT AND TEST LEVELS

The DSD Shall be provided the necessary stimuli by a POP 8/1

. computer or equivalent to exevcise the logic and analog circuitry as

outlired in this Jdocument.

3.1.2 UNIT TEST PROCEDURE (EQUIPMENT ACCEPTANCE TEST PROCEDURE)

Where the requirements of this document are implemented by an
DSD Acceptance Test Procedure (IBM 75-M35-003), the test procedure
shall reflect the exact requirements of this document. The test pro-
cedure shall include as part of its documentation, calculations,
measurements, etc., to show that the tests and tnlerances utilized
are equivalent to those specified herein.

3.1.3 FAILURE CRITERIA |
The Dsovshnll mect all requirements defined in this document.
3. 2 TEST CONB!TXONS

Tho DSD shall be cooled by l-hicnt alr during the ncceptuncc test,
with all plrts and louvers uncovored to allow the free passage of cooling
air.

Tempersturc - Room l-bioﬁt (up to 8s° Fahrenhéi: n:xi-ul)
. Humidity - To 90V R.H. maximunm
Light - Six foot candles l::ilu. inciJent light from

overhead sources.

D=3
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3.2.) TEST CONFICURATION

The DSD shall be tested using a PDP-8/1 computer, or'equi#alcnt;
as the test controller. The computer shall be connected to the DSD
through a DNC8-B interface adapter un:t to obtain the proper signal
polarity and levels. Test programs shall be available which will
excrcise the DSD electronics te drive the DSD deflection and video
circuits to produce the desired test patterns, and test point outputs
necessary for electrical evaluation and parameter measurcment,

3.2.2 TEST INSTRUMENTATION

All oscilloscopes, light meters, etc., used in the performance of
the acceptance testing shall be calibrated according to the procedures
utilized at the testing site. .This calibration shall be evidenced by
a visible tag or stamp on the equipment. The tag shall indicate the
date of the last calibration and either the due date of the next
calibration or the normal calibration interv:;.

3.2.3 SPECIAL EQUIPMENT REQUIREMENTS
"The equipment specified below shall be required in addxtion to

the POP- 8/! and the DK08-8 specifxed in 3.2.1.

3.2.3.1 Computer Test Programs

The DSD testing will require suitable test programs for use by
the FOP-8/1 to exercise the DSD to generate the test patterns.

3.2.3.2 Display Screen Grid Overlays

A scribed clear plexiglass with test pattesn configurztions is
required to perform the rezxsttation accuracy tests.

3.2.4 ALIGWMENT AND ADJUSTMENT

Prior to the start of the lcéeptnnce test, all adjustable gains
and biases associated with the processor analog electronics, and the
deflection and video circuits in the DSD console, shall be properly

set in accordance with tho DSD System 0perlt£on and Maintcnance Docunent.

IBM #75-M35-004,

3.3 ELECTRICAL

The follouing subsections describe the slectrical rcqui~¢nents

'for acceptance tesing of the DSD stten.
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3.3.1 POWER DISTRIBUTION TEST

Verification of the power grounding and critical signal connections
shall be made before applying powsar to the DSD Systesm.

3.3.2 COOLING FAN OPERATION

Verificaticn shall be made to insure that all coéling fans are
operating when power is spplied.

3.3.3 POWER SUPPLY ADJUSTMENT

The voltige level from each reguiaved supply shall be verified
to be within 25} of its nominal voltags.

3.3.4 VOLTAGL SEQUENCING

The pover on and off sequancing of the high-voltage section of
the DSD console shall be verified for proper operation.

3.3.5 AC INPUT PONER REQUXREMENTS

The nominal AC input power require-ents for the two sections of
the DSD System are:

' DSD Processor uSD Console
Voltage 30V = 108 20V ¢ 1%
Frequency. 60 ¢ 2 Hz 60 ¢ 2 H:
Service Single phase +Gingle phase
Power (nominal) - 130 Watts 130 Watts

3.3.6 DSD SYSTEM INTERFACE SIGNAL ELECTRICAL CMARACTERISTICS

All DSD System external interface.signsls are those associated:
with the PDP-8/1 computer. All signals are the standard Digital
Equipment Corporation (DEC) -3 Volt interface signals, utilizing the
parallel data bus concept. All design parameters, as outlined in
""PDP3/1 & FDPR/L Small Computer Handbook". shzll be followed to assure
compatible interfacing.

3.4 LONG TERM PERFORMANCE REQUIREMENTS

Certain performance requirements, as discussed below, shall be per-
formed as an oporational check of the test parameters during final checkout
and test prior to the final scceptance test. Verification of compliance
with these requirements shall be based on the test logs and other documen-
tation available at the tine of the acceptance test. '

‘D=3
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3.4.1 DISPLAY MAGNIFICATION
~ It shall be demonstrated by mathematical proofs that a display
magnification of 7.5 to 18 times is obtainable with the DSD optical
system, rather than actual reroval and Jemonstration of the optncal
system from the DSD Console.

1.4,2 STABILITY -

" The DSD equipment will be observed to verify that the brigﬁtness
and focus controls will not need adjustment to mcct the performance”
requirements. The data will be recorded in the equipment test log
during chechout and prior to final acceptance tests.

3.4.3 CENTERING
A check shall be made to verify that the projected display center

does not vary by more than 1/4 inch from the previcus center position.
The data will be recorded in the equipment test log.

'3.4.4 CHARACTER SIZE .

During the final equipment cﬁeckout. periodic checks shall be made
to verify that the standard character size (IBM 75-M35-002, para. 3.5.9.3)
remains within the specified tolerance.

3.5 TEST REQUIREMENTS

The following paragraphs specify the unit level tests to be per-
formed on the DSD System. Testing shall be done using computer test
pregrams which shall functionally exercise all portions of the system.
Operation shall be verified through visual monitoring of the display
presentations and perforsance measurement of the resultant visual
parameters. Operator intervention shall be required to axercise the
various DSD Console switches and computer control switches, and load
the different computer test programs during the course of the test.

3.5.1 DSD SYSTEM INTERFACE TFST-

A1l signals to or from the DSD System shall be functionally verified
during testing. [IBM 75-M35-004 lists all the signals in the interface. .
The signal interface is to either a DMOI multiplex unit and then to the
POP-8/1 computer, or directly to the computer, dependent upon whether
the test is being performed at NAFEC or IBM, respectively..
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Interface measurements and continuity testing will be done as part
of the system build-up and debug, and wiring lists and applicsble docu-
mentation will be provided for spot checking during the acceptance test.

3.5.2 DISPLAY BRIGHTNESS TESTS -

All brightness tests are to be performed in the ambient lighe
specified in 3.2 to exclude the additive effects of the ambient light
on the brightness readings.

3.5.2.1 Center Screen Data Brightness

Brightness measurements shall be made parallel to the optical path
at the center of the viewing screen using a Model 2020 Gamma Scientific
t Photometer with microscope.

3.5.2.2 Brightness Control

The brightness control (neutral density filters) shall be implenented
to provide four discrete increments of brightress frca full brigutness
dcwn to one-eight or less full brightness.

3.5.2.3 Brightness Variations

Brightness measurements of characters and vectors shall be made
over various positions of the screen, including all four corners, to
verify that there is no more than 60 percent variation in brightness
across the entire screen according to the formula:

X 100 = % of'brightness variation

.Near-ares brightness variation shall be tested by measurement
of brightness within a three-inch area and verifying that the variation
. is less than 40 percent according to the above formula. .

3.5.3 CONTRAST RATIO TEST

With the ambient light specified in 3.2, several measurements of
the contrast ratio shall be msde. The brightness measurement of a
display element (character or vector) shall be made, as well as the
adjacent background, and the contrast ratio calculated according to
the formula:

Display element brightness
Background’brzgﬁtness

“Contrast ratio =

and shall be at least 16.
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Speccular reflectivity of the screen shall be mecasured as less
than 10 percent,

3.5.4 DISPLAY COLOR AND SHADES OF GRAY TESTS

1.5.4.1 Display Color Capability_

Verify that the DSD System-is capable of accepting the following
optical stops. No specific test requircments necd be met with the color
stops.

1)  White on black - conventional (clear) stop

2} Red and green on black - concentric ring stop -

3) Four colors (red, greén. yellow, white) on black -

spatially-oriented four color stop.

3.9.4.2' Shades of Gray

With the conventional stop in place and the maximum brightness
control setting, verify that the DSD System is capable of presenting
six shades of gray on the viewing screen. Each successively brighte
gray shade shall be at least .25\ brighter than the preceding shade.

3.5.5 LINE WIDTH, RESOLUTIOS'AND'S?OT GROWT1# TESTS

3.5.5.1 Line Vidth

Verify that the maximum line width in.a cross-hatch test pattern is
no greater than 0.040 inch anywhere on the screen at the 50 percent
brightness points.

While utilizing the resolutién test pattern, verify that a pair.of
lines can be resolved when they are spaced no more than 0.035 inch (center
to center) apart, with at least 20 percent ‘modulation accordxng to the
fornuln }

. o .B__ -8
Percont modulation rax min X 100
max
Wherc Bnax is the line center brightness
“min is the line pair overlap brightness. \
. . ) f ‘\\
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3.5.5.3 Spot Growth
Verify that the line wid'hs of the cxosﬁ-hafch igst pattern do not

vary, froa the narrowest line to the widest line, by a ratio of more than
1.4 to 1 over the entire screen surface. ; )

3.5.6 LINEARITY AND REGISTRATION ACCURACY TESTS . -

3.5.6.1 Linearity

With the plexiglass overlay in place'ovet the screen and the cross-

- hatch test pattern presented on the screen, verify that the size of any

square in the image does not deviate by more than 0.15 inch from the size
of the corresponding squares in the scribed line pattern on the overlay.

3.5.6.2 Rewrite Registration Accuracy

Demonstrate with the data block test pattern that a single block of
Jata can be selectively erased and rewritten:to within 0.030 inch in either
axis of 1ts original position. No other data shall be added or deleted
anywhcre else on the screen. ‘

3.5.6.3 Overwrite Registration Accuracy

Without selectively erasing the data block of 3.5.6.2, verify that
the rewriting of the subject data block can be done such thlt the over-
written datl registers to within 0.030 inch.

3.5.6.4 Selective Erase Accuracy

Verify that the erasure of the data block of 3.5.6.2 is co-pieto

while not disturbing adjacent data blocks where the separstion distance

of the near elements in the two data blocks is 0.30 inch.

3.5.7 CENTERING TEST

'Vqrify that the’centefing adjustments on'the X and Y déf!éction
preamplifiers can move the center point of the rectangular cross-hatch
test pattern about the center point of the scribed pattern on the overlay.

3 5.8 olsvuv STORAGE TEST
| lith the resolution test plttern on the NSD System display screen, .

verify that the drightness of the image after 30 minutes of storsge is
no less than 50 percent of its initial brightness.

D=9
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3.5.9 CHARACTLR RCPERTOIRE TESTS

. CUtiliz zing the character display test pattern, vcrify that the
character repertoire, designated in 3.5.13 and Figure 3-1 of ER EA3325,

is displayed.

-

Verify that the line segments of each character of symbol shall be
closed cr completed to within 0.015 inch from the idealized fonts.

. 3.5.9.2 Character Positioning

Insert the character location squares around the characters and
symbols and verify that they are centered within the squares which are

‘position-located by the lower left corner.

3.5.9.% Character Size

'

Measurciicnt shall be made of the height and width of the alphanumcrié
chatacters to demonstrate that their height and width are within 210% of
0.23 inch and 0.18 inch respactively.

3 S. 9. 4 d(haracter Spacing

Verify that the center-to-center spacing of the charactcrs is
programmable in increments of TBD inch or less.

3.5.1%  DATA WRITING AND ERASURE TESTS

3.5. 10 1 Nritin& Rate And Time

By measurement, deternine that the DSD Systen is capable of writing

data at a ratc.of at lcast 20,000 inches per second at the screen, and

that any character or symbol of 3.5.9 can -be written in 100 microseconds
or less. Verify that the erasure and rewrxting of a 100 character data
block can be accomplished vith a 100 nillisecond time perxod '

3.5.10.2 Erase Tln& And Control

During cycling of the data block test program, determine by measure-
ment that selective erasure of data is done at such a rate that & square
inch of data on the screcn is erased in 10 milliseconds or less. Verify
that the test program can selcctively erase and rewrite randoamly placed -
data blocks in a cyclic fashion. Test the ability of the display to be
totally erased under manual control.

p-10
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3.5.11 INPUT RATE TEST

Utilizing the character display test patfern, verify that

the system is capable of accepting and displaying a new ;haracter

every 100 -xcrosecands or less.
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Section 4

QUALITY ASSURANCE PROVISIONS

4.1 QUALITY CONTROL INSPECTION

As inspection by contractor and/or government personnel shall be
made to ascertain that ‘the DSD System equipment meets goed commercial
standards. This inspection shall include any and all tests and checks
required to make this determination.

4 2 FACTORY ACCEPTANCE TEST é§2'EXERCISE

A Factory Acceptance Test shall be performed at the contractor's
commencing on or before 7 March 1975 to ascertain that the equipment
mcets all applicable portions of Section 3.5 of FAA # EA3325. Failure
of the equipment to perform to specification shall result in retest ani/ax
mutually agreeable resolution of the equipment performance lc\el and

.specification dxfferences

$.2.1 ©0SD SYSTEM ACCEPTA&CE'TEST SCHEDULE

Figure 4.2.1-1 provides the general road map of the procadures to
be followed prior to preliminary and final customer acceptance test.

4.2.2 FRELIMINARY ACCEPTANCE TESTS

Prior to final customer acccptanée testing of the DSD System, 2
prelaiminary acceptance test will be conducted to establish compatibility
of the DSD Systen test procedures, system operation and test equipment.

! Scheduled start date - 14 February 1975
Scheduled finish date - 28 February 197§

4/2.3 FINAL CUSTOMER ACCEPTANCE TESTS

The final customcr acceptance testxng of the DSD System is scheduled
as follows:

Scheduled start date - 28 Febfuary’lQ?S
Scheduled finish date - 14 March 1975

The various custoaer acceptance tests are itenized in Tablo 4.2.3-1,
inal Customer Acceptancc Test Plan.

o

. 2.4 SCHEDULED DSD SYSTEM SHIPPING DATE

After conpletion of the final custoner acceptance tests the systcem

 will be packed and shipped to NAFEC, Atlantic City, N. J.

Scheduled shipping date is on or before. 22 March 1975.

D-12
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4.2.5 TRAINING SERVICES

Truihing services for FAA can ccmmence 17 January 1675 (Conscle
Integration) and continue through firal customer acceptance tests.

4.3 FAILURE VERTFICATION AND RETEST

In the event of a failyre which can he isolated to a subissembly
or nodule, the defective items shall be repaired or replaced and those
circuits directly affected by the failure shall be retested to the
applicable requirements of 3.5. A failure which is verified to be an
opsrator or test 2quipment failure, shall nct be considered to be a
relevant failure. Equipment test, in tle case of an operator error or
test cquipment failure, shall continue from the start of the test being
performed at the time of the error or maifunction.

S p-18
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Section 1

GENERAL INFORMATIOn

1.1 PURPOSE
" This document establishes the procedure required to demonstrate proper

pcrfornanéo of the Deformographic Storage Display (DSD) system, serial #1

in accordance 'with the FAA document ER EA332S.

1.2 TESTS
The acceptance tests performed in Paragraphs 5.1 - 6.23 of this

procedure are in accordince with the Acceptance Test Plan fur 3 DSD

18M 75-H35-002.

1.3 FALLURES

bln the event that the DSD fails to pass any of the specified tests,
appropriate entries shall by made in the Unit Log. All failures saall

be invostigated, analy:zed, and corrective action taken, as required.

1.4 UNIT WOG

Details of all dnomalies, test interruptions, failure isolation

details, resork, rcsolutiéq-of malfunctions, etc., shall be dacumented

in narrative foram in the Unit Log.
1.5 TEST CONFIGURATION
The DSD sh;ll be tested using a PDF-8/1 computer as the test con-

trol)er. The coxputer shail be connected to the DSD through a DW08-B

E=1.




interface adapter unit to obtain the proper signal pularity and levels,

Test programs shall exercise the DSD electronics to drive the DSD deflece

tion and videc circuits to produce the desired test patterns, and test

point outputs nccessary for electrical evaluation and paramecter

. measurcment.

Egaat el

L .- 1.6 TEST INSTRUMENTATION
All oscilloscopes. light meters, €tc., used in the performance of

the acceptance testing shall be calibrated according to the proccdures -

O W T T L T AR e

i . . . . AN ' ;
utilized at the testing site. This cal1brb§t::\:hnll be evidenced by a
visible tag or stamp on the eqdipmcnt. The tag™shall indicate the date

of the last calibration and sither the duc date of thw next calibration

or the normal calibration intezval.

1.7 MAINTLNANCE AND ACCEPTANCE TEST SOFTWAAL
The Maintcﬁance § Acceptance Test Scftware (MATS) is uscd cx:cnsivély
throughout the foliowing test procedure; to gencrate test patterns for
the DSU.' For detailed loading ana aperating prOccdurcg.rc{cr to 1BM 75;
M33-004 LSO Opeiatiﬁn and Maintenance Instruciion (OMI) Section 10 S
and to Digital Eﬁuipﬁcnt'Corporqtion'§ }ﬁtroduction

to Prograrming (DECITP).

E~2
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Section 2

APPLICABLE DOCUMENTS

IBM 75-M35-002 Acceptance Test Plan for a Deformographic

. Storaﬁo Display Systea

“1AM 75-M35-004 o Deformographic Storage Display System Operation

and Haintenancp Instruction

I8M M35-002-75 ' Maintenance and Acceptance Test Software -
Object Tabo
Digital tquipment Corp. Introduction to Programming
Department of Trans- Contract #DOT-FA74NA-1103
p:rtnfion Serial: 359-0-00
Date: 07/03/74

Project: DSDT for FAA

Engineering Requirement (ER) EA}125
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Section 3

TEST CONDITIONS AND REQUIREMLNTS

3;1 TEST CONDITIONS

The USD shall be cooled by ambient air during-thc'acccptanéc test,
with all parts and louvers uncovered to allow the free passage of
cooling arr.

Tcaperature - Room ambient {(up to 850 Fahrenheit maximunm),

hiumidity - To 90V R.H. maximua. '

Lighi - Six foot candles maximum incidcht light from ovcrﬁcad

sources.

3.2 ALIGNMENT ANU ADJUSTMENT
Prior to the start of the acceptance tést. all adjustable gains and
biases associated with the processor analog electronics, and the deflec-

tion and video circuits in the DSD console, shali be properly set in

‘accordance with the DSD System Operation and Maintenance Document, IbM

0.75-M35-004.

3.3 AC INPUT POWLR REQUIREMENTS

. The nominal ac input power requirements for the two sections of the  —

DSD System are:

DSD Processor DSD Console

Voltage - 120V +10% . 120V +10%
Frequency - _ © .60 2 Hz ' 60 +2 H2
Service Single phase " Single phase
Power (noainal) 130 wWatts : 130 Watts
B4
// .
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Section 4

'‘PONER SYSTEM VERIFICATION

4.1 PONWER DISTRIBUTION

This

test satisfies Section 3.3.1 of IBM 75-M35-002., Verification

of the power grounding and critical signal connections shall be made

before applying power to the DSD Systea.:

V1)

V2)

v3)

Nith a2 multimeter vdrify that line voltage in the power outlet

receptacle is 115V.

Install interconnecting cables froam the remote unit to the

console. The nultiioad cable attaches to J6 which is located

on the rear shelf below head one. Triax cables marked X, Y
and Z attach to head one receptacles JS, J4 and J3. For ease
of installation it is advisable o temporarily remove the

cables from J1 and J2 on\tho heed.

Verify that the Main Power switch located on the right side of

the console switch panel is iﬁ the Off position. Plug the

, cons61§ power cable into the power outlet receptacle.

Test

Tcsi

Measurement ~ Line Voitage

Input voltsge

Equipment Simpson Wodel 269 multimeter or equivalent

-5
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4.2 CCOLING FAN OPERATION -

This test satisfies Section 3.3.2 of IBM 75-M35-002. Verification
shall be made to insure that all cooling fans arc operating whun power

is applied.

v/l) Tﬁe arc lamp housing holds ; cooling fan which is energized
. when the main powe: switch located on the right side of the .
- console switch panel is in the ON position. fhc lamp is
located in h;ad one to the right and just ubévc the bLSD tube.

Air 1s exhausted through the top pancl of the housing.

vV'2)  The deflection power amplifier stage locatcd in the bottom
section.of head one ccatains a cooling fan. This fan is
enerﬁxzed when the low voltage switch located on the consolc

' sw;tch plne; hls'been depressed. Air i;‘cxhaustcd from the

fan housing toward the focus power supply.

Verify fans: (/) 3-22-75

I




4.3 POUWLR SUPPLY ADJUSTMENTS

This test satisfies Section 3.3.3 of IBM 75-M35-0G02. The valtage
level from sach regulated supply shall be verified to be within 25% of

its nominal voltage.

e e

: "~ ;w-wmﬁ;;

V1)

V/Z)

v3)

v

Verify that the main power circuit breaker located on

-the rear shelf to the }cf: of head one is in the ON

pesition.

Turn the Main Power switch located on the right side
of the console switch panel ON. Baékground lights on
the. indicators should come on and the 1 OFF indicator
should be green. This switch also encrgizes the power
relay in the remote unit. Moucntariiy depress the
reset switch on the front panelito put tse remote unit

in a rese: mode.

¥ith a multimeter verify that line voltag: is leaving

. the power compartsent. Check for 115V at the con-

© venience outlet locntcd'on the left side of the rear

compartaent.

Depress 1 LV svitch located on the cqubolo
switch panel. Green should be immediately removed
from the 1 OFF switch. In approximacaly thirty seconds

the 1 LV indicator should turn green.

=7
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With a multimeter, verify the following vcltages.

On the A9 card, which is the scéond
_card down with TP1 being at the center
" of the card: TPl P65V °

TP2 POV,

TP3  PISV
TP4  GND. -
TPS N9OV
TP6 N3OV
TP7  GND

TP3 Ni5V

On the low voltage power supply located
on the slide out shelf:
P40V across RS (top is bosxtive)

6.7V AC between terminais-3 and 4

On Al2 the video amplifier which is located
next to the tube shield:
POV across the 25 ufd cap at the top.

of thp card,

PR TR L
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Test: Low voltages

Test Equipment: Simpson Modsl 269

Measurcnment:

3. usv 19 VA "

5. PosV _Qi_!__v_o_c

| p3ov_28.5VvDC
pisv _|/5.2vDC
N90V--‘88.8VDC."'
N3OV = 2R.6VDC
Nisv =15, 1 vDC

POV _39.05vDC
6.vac _0.92 vAC

poov.__73.9vDC.
PS5 _ 5. 2vdC

multimeter or equivalent

£-9
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4.4 VOLTAGL SLQULENCING

This test satisfies Section 3.3.4 of I{ 75-M35-002. The power

or and off sequencing o the high-voltage scction of the DSD console

shall be verified for proper operation.

1)

*
~—

3)

From step 4 of the Power Supply Adjustmenrt section
the 1 IV {ndicator should be green. This

shows that the high voltage delay relay has timed out
and the unit 1is .eady for high vdltnge. "Momentarily
depress the Reset switch on the front panel to insure

that the remote unit is resct.

hith a scope verify the conditions of the X, Y and Z

inputs to the tube. X and Y deflection signals to the
}oke should be probed on the terminal board located to
the lcft of the dofloction Eardc. ‘These signals should
be at ground potential. I input to the tube should be
probed on the Al2 card at the top end of a 5.1K two watt
§arbon resistérA This signdl should be at approximately

F80V which is the blanked condition.
Depress the 1 HL svitch on the front panel.

1 LV should go of!} 1 HV should go green. Observe the

display uérccn for any writing,

x~10
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4)  wWith a scope verify the presence of high voltage. This
can be done at low voltage levels at test points on the
power supplies. On the focus supply J1-8 represents
focus voltage. On the high volitage supply Ji-8 represents

‘high voltagc'and J1-7 represents G2 voltage.

S) To powar down the console first depress the 1 LV
Ome switch to allow the high voltage to decay before
depressing the Off One switch. This last move removes

all power froa the head.

Test: X, Y, 2 and high voltages

"Test kquipment: Scope
Mcasurement:

2. X gnd GND

Ygnd  GNOD

psov __ B2

B

851784-1, S/K 1 Focus J1-8 1-3v _ 2.7V IVe1000V 1.4 to 3.6 kv
851759-1, S/N 2 v J1-7 W __3,0¥ - IValoov
w - Jt-8 v 10.0V Iy 1 jO000V

651783-1, S/8 1 Erase (Floating at av; did nbt messure)

2-11
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Section §

CPTICAL
These tests are performed'with a special reflective test grid in
place of the Deformographic Storage Tube (DST). For the method of re-

‘moving the DST and for tﬁe method of aligning the test grid, refer to

the OMI.

5.1 CPTICAL DISTORTION & HAGXIFICATION

This test requires that the grid overlay be on the viewing screen,
1) lgnite the arc lamp (see OM! Scction 3.1 ).

-

2) Make required measurements and rccord data.

Test: Optical Distortion § Magnification
Lquipaent: A
Reflective test grid in place of CRT

' Grid overlay on viewing screen

Scale and magnifier

k-12
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feasuremeants:

Mzasure the deviation of the projécted yrid from yrid

overlay in the horizontal and vertical direction at the S

locations specified:

3-22-75

CIVEC, & D

T.

X

L.
= +,028

* =-,025

L.

« +, 040

= .00

.L.

. +.065

» +.035

T.C.
x» O

R |
7" ’

C

x= O
y* O
B.C.

x=s O

y = -r,OE{S

E-13

T.R

x= = 09
y* -0k
C.R. |
x=* =1
ys= + .02
g.R.

xs ~,01
y= +.1
Passed:
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5.2 BRICHTNLSS CONTROL
This test satisfies Section 3.5.2.2 of IBM 75-M35-002. Verify that
the brightness control (neutftl doniity filters) provide four discrete
increments of brightness from full brightness down to one-eight or lcss
full brightuess.
"1)  Mcasure and record the line brightness produced by the
alignment test pattern at a fixed point oa
. tfu screen for each setting of the brigh:iness control.
2)  Quench the arc lamp.
-3)  Remcve the test grid, insert and align a DST (see OMI par. 8.4, B.5).
Test: Brightness Control
' Lquipamcnt:
ux;n-:ﬁt Test grid pattern
Photometer: Gamas Scientific .
Measurcments:
Setting 1 (Bright) e UNFPILTERED
Setting 2 (dim) = _Q,30 FILTER
Setting 3 e 0.60 rnmER
_Setting 4 (dim) . ¢ _O0.90  riLmer
Setting 1 ¢ Sou‘inl4 L v
3 Passed:
i ,
1 _
‘ E-14 ' S *
! Iﬁ ) - - . . R - .
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. 5.3 DISPLAY MAGNIFICATICN

This discussion satisfies Section 3.4.1 of [EM 75-M35-002. It
shall be demonstrated by mathematical proof that a display magnification

of 7.5 to 18 times is obtainable wiih the 0SD optical system.

The optical magnification is established by the distance between
the DSU target and the projection lens. For the ncrmal console configur-

ation, this distance is: F ( % +1)=7.1. ( -I%7; + 1) ~72.75inches

F = Focal Length = 7.1

M = Magnification = 11.0

At 7.5x § 18x these values becoume:
7.5%x = F ( 715 + 1 ). v 8.C6 inches

18 = F (=g + 1) ~ 7.5 inches
The focus adjustment prcvides a motion that moves the DSUT tube

assembly in relation to the prcjuction lens in excess of 2.0 inches.

Alignment of the DSDT tube center and the optical .axis is main-
taincd.by adjusting the nuts on the lcvelingkstuds at the target end

‘of the tube craddle and the leveling knob at the rear.

k=13




Section 6

DISPLAY TESTS

For detailed procedures in sll follcwing sections, refer to OMI

and DLCITP.

6.1 PRELIMINARY
1} Power-up the PDP--B.computer and bring the DSD to a‘standby
céﬁdiiion.
1) Load the MATS if required.
3)  Start MATS at address 4¢Pd. Computer will halt

4)  Power-up high voltage to the DSD.

OPCN GATE |
ol A
% : P16 z

. 03»‘-‘5}43-{ ‘15/60 27
.

[ 4
w!

MEAS IN FOOTLAMBERTS
74 NOT IN PARALLEL WITH
LIGHT PATH

§

23 3/.( |

SECOND SET MADE .l T0 LIGHT PATH AT CENTER

E~16
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6.2 CENTERING

This test satisfies Section 3.5.7 of IBM 75-M35-CJ32. Verify that

the centering adjustments on the X and Y deflection preamplifiers can

move the center point of the rectangular cross-hatch test paticrn about

the center point of the scribed pattern on the overlay.:

3-22-75

1) Set the PDP-8 switch register (SR} to P@Pd.

) Erase the display.

3) Press continue - the alignament test pattern will appear.
4) Make the required weasurements and record the data,

repeating steps 2 and 3, as needed. .

Test: Electrical Centering

Equipment:
Alignment pattern on .DSD

Grid overlay on viewing screen

Scale and nainifier

Measurements:

Measure the excursion and note the direétign as the centering

, ¥
pots are adjusted to their two limits. "'}T'—¥x

Horizontal - Vertical
Full C¥ ' «18 inch ' =19 inch
Full CCW o +16.5 inch +17 inch
Passed:. -
E-17
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6.3 LINEARITY

This test satisfies Section 3.5.6.1 of 1EM 75-M35-002. With the
grid overlay in place over the screen and the cross-hatch test |
pattern presented on the screen, verify that the size of any square in
the iﬁage does not deviate by more than O.IS‘inch from the size of the

corresponding squares in the scribed line pattern on the overlay.

1)  Set the PDP-8 'switch register (SR) to #PR0. -
2)  Erase the display. ' |

3) Press CONTINUE - the alignment test pattern will appear.
4)  Make the required measurements and record the data,

repcating < and 3, as nceded.

Test: Lincarity

[auip:ént:
. Alignment pattern on DSD
Grid overlay on viewing screen

Scale and magnifier

- B~18
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Measuremants:

‘Measurs the deviation of the projected CRT image from the CRT

image from the grid overlay in the horizontal and vertical direction

st the 9 locations specified below.

MEASURED 3-22-75

T.L.

X =

-0.065

+ 0.l

0,010
+ 0,035

- 0.050

-

T.C. .
s 0,0
y=* 0,0
.
x= -002.0
Y- +0.015
x* <0.005
Yy=+0.025

219

-

T.R.
X*+0.120

ys+0.230

(]

.R.

X = -000()5
+0.035

w~
=~ ¢

x* +0.120
y* -0.¢10

Passcd:
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6.4

LINE WIDTH

This test satisfies Section 3.5.5.i of 1BM 75-M35-002. Verify that

1)  Set the PUP-8 switch register (SR) to fPid.

2) Erase the display.

the maximum line width in a cross-hatch test pattern is no greater than

0.040 inch anywhere on the screen at tha 50 percent brightness points.

3)  Press CONTINUE - the alignment test pattern will appear.

4) Make the rcquircd zeasurements and rccord the data,

repeating steps 2 and 3, as ncedod.

Test: Line Width

quxc:cq&:

Align=ent paitcrn on USD

Mcasuring =magnifier

Veasurenents:

Mcasure the line width of the horizontal and vertical lines

at the 9 jocations shown below,

25-75 T.
GRAPH 1 N
v

C.

1}

L, 33278
L0154
" LOr9&
L.
L.
.- 20

325U o 32207603050, 32205

0254

H e
V s
c.
We 10220
Ve 10234
B.C. |
Nlﬂ

Ve

120

o gl e -

V021 We 0070

e Gd Y

V s
C.R.

H o»

B.R.

Passed:

3-25-75
. 120
. 03y
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6.5 SPOT CROXTH

This test satisfies Section 3.5.5.3 of IBM 75-M35-002. Verify that

the line widths of the cross-hatch test pattern do not vary, from the

narrowest line to the uldist line, by a ratic of wore than 1.4 to 1

over the entire screen surface.

1)
2)

3)
CRAPH 1

Set the PDP;B switch regiiter (SR) to 299d.

Erase the display.

Press CONTINUE - the alignaent test pattern will appcaf.
Make the required neasure;cnts and record the data,

Tepeating steps 2 and 3, as needed.

Test: .Spot Growth

Equipment:

Measurements

the screen.

Largest line width (Luw) = /.03

Alignment pattern on display

Measuring magnifier

Locate and measure the largest and smallest llne widths on

Smallest line width (SL¥) « 003/

‘Calcbhto &; o [, &

Passed:

=21
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0.6 VECTOR UNTFORMITY

This test satisfies a portion of Sectidn-B.S,Z.S of 1LM. T5-M35-002.
Brightness ceasurements of V vectors shall bc made over
various positionsvof'the screen, including al!ll four corners, to verify
that there is no more than 60 percent variaQion in brightness across the

¢ntire screen according to the formula:

] - 8
WX o - . . .
At IR X 100 = A of brightness variatior

)
. maN .
"GRAPH 1 ‘ _ , -

- Ncar-arca brightness variation shall be tested by mcasurcment of

brighiness within a three-inch area and verifying that the var:aticn is

Al

less than 42 percent according to the above forrula.
1y Set the P'DP-8 switch register (SR) to MW,

2, Lrase the display.

3 Press CONTINUL - the alignment test pattern will aprear.
: 4 “lihe the required measurements and record the data,

repeating steps 2 and 3, as nceded.
lest: Brightness

. Lnuip?cﬂt:
Alignment pattern on DSOT

hotometer: Gamaa Scientific

Larbertion reflection for setting 6 FC ambient on screen

B2

L e -
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Measursments:

Measurs worst brightness variation with & 3 inch section

of vector

Max = Hé FL Min =

22 ®

grightness Variation for a J-inch Vector Section

Compute variation

.—-—%.‘_‘m-

2.2

Min

Yl Max

-

£~-23

x 100 = &1 25\

Passed:
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‘0.7  ERIGHTMESS, CONTRAST

CRAPH 1 . Countrast ratio =

'

This test satisfies a portion of Section 3.5.2.3 and Section 3.5.3
of 1EM 75-M33-002.

Brightiicss mgasurements of characters and vectors shall be made over
various positions of ‘the screen, including ali four corners, to verify
that there is no more than 60 percent variation :n brightness across the

‘eRtire screen according to tne formula:

x 100 = % of brightness variation

'
‘

Near<arca brightness variation shall be tested by mcasurement of '

brightness within a three-inch arca and verifying that the variaticn is

iess than 30 percent according to the above fermula.

Several measuremcnts. of the contrast ratio shall be made. The

iahtness reasurcement of a display elewent (character or vector) shall

Le -—ade, as weli as the adjacent background, and the contrast ratio

B
'

caiculated aécording to the formula:
Displav element brigbtnc§s Yy y
background brightness — = Y

and shull be at Jeast 16, -

i} St the SR to gpg2. .
2)  Lrasr the diﬁp!iy.
Ay Press CONTINUE - the resolution test pattern will apﬁear.

4)  Make the required measurements, repeating steps 2 and 3, as necded.

.- o . [, P L | L TR N
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Test: Brightness

Equipaent:

Aligrnment pattern on DS

Photometer: Gamma Scientific

Lambertion reflection for setting 6 FC ambient on screen

Measurelentiz

Measure the linv brightness and background at 9 locations as

shown below. Meter reading to.bs -ade.vitﬁin ! min after a write,

CRAPY 2

T.L. ' T.C.

Line FL FL
Baclground B, ' FL
C.lL. c.

Line FL ' FL

Background FL FL
amusn— ) emmpea—"
B.L. . 5.C.

Line __FL FL

Background FL » } FL

Brightness Variation for Entire Screen

T.R.
FL

FL

C.R

FL

FL

B.R
' FL

FL .

Co-puti variaticn Sased on vnl?ns entsred on Sheet 1

. 3=23-73

Max'Lino Bright - Min Line Bright
NaxiLine Bright £2% x 100 -
36 - 4
: —x 100 & 892
36
525
- - 1" L o

s - s et




-
.
'
i
¥
£ w’i‘
S
&
P .
[3 : o
"l . .
: ! L

Centrase Ratio:

t

Compute ratioc at the 9 locaticns based on valucs entered

on Sheet 1

Line Brightness ' flé‘ ../

Background Srightness

T.L. T.C. T.R. -
c.L " C. C.R
' B.L. B.C. B.R.
Passad:
t
R=26
...,.‘, e i e o s Y I . '. .y “ e v -




6.8 RESOLUTION

This test satisfies Section 3.5.5.2 of IBM 75-M35-002,  While

utilizing the resolution test pattern, verify that a pair of lines

can be resolved when they are spaced no more than 0.035 incﬁ (center

\0 center) apart, with at least 20 percsnt modulation asccording to

the formula:

Percent modulation = Baax Bmin

BNX

x 100

Where Cmax is the line center brightness

1)

3)

i)

Buin is the line pair overlap brightness.

Set the SR to £#92.
Erase the display. '
Press. CONTINUE - the resolution test pattern will appear.

Make the required measurements, repeating steps 2 and 3, as needed.

Test: Resolution

Lquipment:

Resolution pattern on DSD
Photometer: Gamma Scientific

Lambertion reflector for setting 6 FC lnbi,nt on screen

.l~27f
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Measurements:
Measure brightness of line and space between lines in next
finest line group and computef modulation.
2l tine - 6 space

Modulation = —_— x 100 = 71.52

Readings are needel only for the line group that has least

~odulation as juiged by the eye.

.102/( o

Measure line spacing .021 inches,

-28 o
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6.9 STORAGE

This test satisfies 3.5.8 of IBM 75-M35-002. With the resolution
test pattern on the DSD System display screen, verify that the brightness
of the image after 30 minutes of storage is no less than 50 percent of

its initial brightness.

i)' Set the SR to gpp2.
S) Ltrase the display.
3) Press CC.\TX.\‘UE - the resolution test pattern will appear.

4) )take:the required measurements, repeating steps 2 and 3, as needed.

Test: Storage

tcuxpmcnt:

Resolution pattern on DSD

Photcmeter: Gamma Scientific

Méasurcacntsf
M'ejasure the line brightness immediately after a write and then

make successive reading on the same line every S min for the next half hour|

Initial rud}‘.ng - Sire _&FL IS

After 5 min storage S:72. 2 7FL : ﬁg <" Lo I &
o A —_— SToRARBE SEChH
After 10 min storage 472, _/§ FL OF ALe0 b (Guw

: N , LEAKA &
.~ After 15 =ain storage $:27 /12 FL '

After 20 min storage Si52 2?2
After. 35 min storage 737 &6 FL
After 30 nm‘stongo Siwd Y. SF
| ' ' Passed:

E-29




€.10 Cit\RAMCTLR REPERTOIRE

This test satisfies S;ctidn 3.5.9.8 of IBM 75-M35-002, Utilizing

the character display test pattern, verify that the character repertoire,

designated in 3.5.13 and Figure 3-1 of ER EA33

1)

Test:

teuiprent:  Character format on DSD

Set the SR to 12,

Erase the display.

e

25, is displayed.

1

Press CONTINUE - the CHARD pattern will appcear.

Mihe and record the required measurements, repeating steps 2

and 3, as needed.

Character Repertoire

tleasurerent:

special symbols are diaplayed

Verify that the rollowing 26 characters, 10 numeral 4nd 22




6.11 CHARACTER CLOSURE

This test satisfies Section 3.5.9.1 of IBM 75-M35-002. Verify that

the line segments of each character or symbol shall be closed or completed

. to within 0.015 inch from the idealized fonts.

1) Set the SR to #3149,

2}  Erase the display.

3) Press CONTINUE - the CHAR] pattern will appear.
4} Make aﬁd rccurd'the required leasuremcnts, Trepeating steps é

and 3, as needed.

Test: Character Closure

Equiprent: )
Charactcr formats on DSU

Measuring =agnifier

Mecasurenments:

Mcasure gaps between the character strokes within a character

and enter belou

NominAl X ot10’
A .B__.C__.D__.E__.'F. ,G '“ -I‘

x oo R 1 .r___'.z':)

___-v/___n‘é —

—_—

./_C/‘ /oA

g.o.!c# -

—_—

— e

Thrs z‘kom ‘3
‘l’lltbdtfti.

',l—3L

R ) x —t

Passgd:
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6.12 CHARACTER SIZE '

This test satisfies Section 3.5.9.3 of IBM 75-M35-002.' Measurcment

shall be made of the height and width of the alphanumeric characters to

demonstrate that their height and width are within 210% of 0.23 inch and

0.13 inch

13

oSt

respectively.

Set the SR to Pp1@.
Lrase the display.
Press CONTINUE - the CIAR1 pattern will appcar.

Make and record the required measurements, repeating steps 2

and 3, ai neé¢ded.

Character Size

Lnu:yrcnt:

R s LNt b R o o
L . .

Character forrats on DSD

Measuring magnifier

=32
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Mecasurements:

Measure the height and width of characters and enter below:

Character

M

Height

'.qu

A48

Width

190

188

150

=33

e

Character

Height Width

N

t4

190

Passed:
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6.13 CLARACTLR UNIFORMITY

This test satisfies a portion of Section 3.5.2.3 of 1BM 75-M35-002.
Brightness mcasurements of characters ami—weeters shall be nadc‘ovcr
various positions of the screen, including all four corners, to verify
that there is no'moré than 60 percent variation in brightness across the

entire screen according to the formula:

2
™
>

]

olin , '
x 100 = A\ of brightness variation

Near-area drightness variation shall be tested by measurement of -
brightness witrin a three-inch aréa and verifying that the variation is

Tess than 40 percent according to the above forrula.
 Test: Character Brightness Uniformity

[quir:cn!:
Character formats on DSD

fhotoncter: Gasaa Scientific

Mcasurc:énti:
Measure ~ brightness variation of the strokes within the
characters and eﬁter below the maximum and minimum values within a
character:
MEAS Nu:lql
- .
3-32-7H  Min: Y. 5

_H 2 Max

=34

Cospute: "% 100 = P,q,s‘
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6.14 CHARACTER POSITION

This test satisfies Section 3.5.9.2 of IBM 75-M35-002. lInscrt the
character location squares @round the characters and symbols and verify

- that they are centered within the squares which are position-located by

vy

T

o

AT

e

e

repm
oy

TR B

S ARTH IR
S

the lower left corner.

3

1)  Set SR to PPl2.

o) Lrase display.

3) Pres;»CONTINUh -_CHXRS test pattern will appéar.

4)  Verify that Iil chﬁracters are centered uithin.the poSition boxes.

Test: Character Position

Lyuipzent: Encased character format

Measurcrent:

Verify that all '26 characters, 10 numerals, and 22

special
characters are centered within the encasing boxes.
A__,.,B_,C__,b0__,E__,F__,G__.H 1.
J__.L_-L_o"—a‘\'_oo ,P___,Q R_—'
S LT . U __ VN __ % __, X Y __, =
0 32 3 4 _,5__.6 . 7 8 . .9

£-35

Pas;cd:




e s

L AT G A e 9T

A

a s

- s < W o e g

AT L B I R S AT T WO B B e b s .

P

e s

¥

; F_n_

A T 7 A 4 DR

6.15 CHARACTER DENSITY
1)  Set SR to $215.
2) trase display.
3) ' Press CONTINUE - 141 x 72 characters will appear.
4)  No measurements required. '
- B=36
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6.16 CHARACTER SPACING

This test satisfies 3.5.9.4 of IBM 75-M35-002. Verify that the

center-to-center spacing of the characters is programmable in'increments

of .02 inch or less.

1)

2)

3)

4)

Set SR to g#@ll.
Erase display.
Press CONTINUE - CHAR2 pattern will appear.

Make and record measurements. .

Test: Character spacing

tquipment:

Character spacing format

Measuring magnifier

Measurements:

Group 6 ;_ifzf;,

Measure the character splcinf for each spacing group.
Group 1 0675

G2-Gl = 020
Group ¢ .OR7D

G3-G2'= 0175
quy§.'os Ga-G3 » .OI7S

Group 4 . 1225~ G5-G4 = . O22S

Group 5 145 C6-GS = o

e G7-G6 =
Grovp 7 GB-G7
Group 8 '

HRNF
A

' 69-G8 =
Group 9

Passed:

37
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6.17  CHARACTER SIZE CONTROL

W SISO W TR «re-m‘

—

1) Set SR to pPdld,
E ' 2)  trasc display.
3)  Press CONTINUL - CHARS pattern will appear.

1)  Verify size control exists.

FENES

1-38
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6.18 OGRLY SHADES

This test satisfies 3.5.4.2 of IBM 75-M35-002. With the conventional
stop in place and the maximum brightness control setting, verify that the
DSD System is capable of presenting six shades of grey on the vi‘cwing
screen. Each successively brighter grey sh:d.e shzll be at least 5%

brighter than the preceding shade. .

1) Set SR to figde.

2) Erase display.
GRAPR 7 . '
3-22-75 3) Press CONTINUE - grey shade pattern will appcar.

d)  Make and record measurements, repeating steps 2 and 3 as required.

Test: Grey shades

hquipment:
Grey shade format

Photometer: Ganma Scientific

Mcasurements:
Measure the raster linec brightness in each shade area and enter

‘the values below.  Make each measurement within 1 minute of a write.

' Background Shade I = | f
Raster Line Shade 11 2.5
Raster Line Shade 111 _?__ !-;l.
Raster Line Shade IV _Zi FL

Raster Line Shade V .3" FL

- Passed:




6.19  LRASE ACCURACY

This test satisfies Section 3.5.6.4 of IBM 75-M35-002., Verify that
the erasure of a data block is cozplete while not distrubing adjacent data
blocks where the separation distance of the rear elements in. the two data

blocks is 0.30 inch.
1) Lrase display.
2; Set SR 0 Pil.
3) Press CONTINUE = BLCKI pattern will appear.
4)  Make sgactng measurements.
5 Set SR to #SP3S.
6) Press CONTISUL - nine data blocks will be erased.

7)  Verify erase,
Test: Lrase ACCuUracy . Date:
tuyuipment:  Measuring sagnificr

Measurenents:

Spacing: Measure th2 guard band betwecen several distributed data

blochks.

Block 1: UP » __;_, DOKX'- s LEFT = —_ RIGT = .

Block 2: UP s __ , DO « ____ LLFT » . RIGHT = —_—

Block 3: UPe ____, DOMN e _ , LEFT < L RIGT . .
 Block 4: up e L UOW . __ LEFT . RIGHT e .

Block S: UP'= ____, DOWN e _ , LEFi e, RIGT ®» __

Lrase: Verify data blocks are erased

Verify oihcr'datn blocks are not affccted.

Passed:
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6.20 REWRITE ACCURACY

This test satisfies Section 3.5.6.2 of IBM 75-M35-002. Demonstrate

with the data block test pattern that a single block of data can be

selectively erased and rewritten to within 0.030 inch in cither axis of

1ts original position, No other data shall be added or deleted anywhere

else on the screen.

1)

3)

4)

5)

6)

3)

9

Lrase display.

Set SR to @#9p1.

Press CONTINUE - BLCKI pattern will appear.

Locate the 9 selective erase blocks and measure their locations
relative to X and Y reference linés in the szall reference gridsl
Set SR to #8493,

Press CONTINVE - the 9 blocks will be erased.

Set SR to P@R7. |

Press CONTINUE - the 9 blocks will be rewritten.

Measure the new relative X snd Y positions for the 9 blocks.

Test: Reurito‘accuracy

Luipment: Measuring magnifier




L T

[P

Measurements:

TL: RX1 TG
RYL |
RY2 S ay \\\
™.
CL: Rx1 | - cc:
RX2 :x
RY1 __
RY2 ay

BL: Rx1 ___ - BC:
kX2 x —_
RYL
RYZ2 .Y

Corrmi O.0l0""

1.9 4

aY

~
RX1IN

RX2 ,

ax

© CR:

RY1

RY2

LY.

RX1

-
-

RY}

RY2

aX

j <3

BR:

A 2

RX1

© RX2

RY1

RY2

RXT

RX2

RY1

RY2

aX

aAY

ax

LY

Passed:
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6.21 OVLRWRITE ACCURACY

This

test satisfies Section 3.5.6.3 of IBM 75-M35-002. Verify that

the rewriting of a data block can be done such that the overwritten data

registers
1)

3)
. 4)
5)

6)

Test:

e a—

to vithin 0.030 inch.

Erase the display.
Set the SR to gdfl.
Press Continue - BLCK! pattern will appear.

Set the S. to P@p7.

Press CONTINUE - 9 blocks will be overwritten.

Examine tae overwritten blocks under magnification. Due to

the natu~#2 of the DSD the spacing of lines can only be measured =

if they are more than one resclution unit (RU) apart (the

resolution unit was established in Test 6.8). If lines are
separated by less than about 3 resclution unit, the two lines
merge Anto ; brizh:ei line. If the separation is between about
3 RG and ) RU the lines interfef and result iﬁ a single dim '
line. Record observations.

Overwrite accuracy

Lguiyment: MNeasuring sagnifier




Measurenments

Block a< 4 RU (bright line) b RU<s< RU (dim line) A< RU (Measure)

TL

TC

BR _ ‘ '

(Check column 1 or 2, or insert mecasurement in Column 3)

Passed:




6.22 NRITING RATE AND TIME .

o
§ '6.22.1
;j ’

P 1)

»
i

L )

e 1)

= 5)
gi:’;‘

i 6)
:

M)

8)

9)

10)

11)

LINE RATE

data at a rate of at least 20,000 inches per second at the screen.

Erase display.

Set SR to PRL6.

Press CONTINUE.

Measuro the leﬁg!h of the vector which appears.

Erasc ﬁisplny. .

Turn high voltage off.

Connect an oscilloscépe to L25-10 on the digital backpanel.
Press CONTINUE. |

Scope trace ;ill reseéble Figufe 6.22.1 - measure T1
line speed.

Set SR toc PPP6 - program will hale.

Turn on high voltage.

| LF"';"f T, -—-ffj-J - 1{ % las

Figure 6.22.1

- [ e

and calculate

This test satisfies Sections 3.5.10.1 and 3.5.11 of IBM 75-M35-GO02.

By measurement, determine that the DSD System is capable of writing

(Vector
Geng
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1.

TEST: Line Speed. _ Date:
EQUXPMENT: | |

Scale

Oscilloscope
MEASUREMENTS:

Vector length = d (&) "

TX » '54'253;' ms

Calculate line speed

M x 1906 » 4706  inches per second
T, ' '

s 4 .

Passed:r

'
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; 6.22.2 CHARACTER TiME

Verify that any defined symbol can be written in 100 us or less.
1) Erase display.
2)  Set SR to £p18.

3}  Press CONTINUE - CHAR1 pattern will appear.

St it i i L ST R

3 4) \Verify that characters appear.

f §) Erase display.

é 6) Turn high voltage off.

Ev 7)  Attach scope to N12-2 on digital backpanel (character generatsR)
1 .

8) Set SR to PASH.

9) Press CONTINUE - program will not hale.

R T T

10) Scope trace should resemble Figure 6,22.2, measuie Trax‘

11)  Set SR to 0P1@ - program will halt.

1) Turn high voltage on.
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ILST: Character Time i ‘Date:

LQUIPMLNT:

Uscilloscope
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MLASURLMENTS:

Verify character write

VLTI

T a us
=aa

T S BT

fasscd:
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6.22.3 DATA RATL

Verify that the system is capable of accepting and displaying a

‘new character every 100 microseconds or less.

Erase the display.

Set the SR to #di?.

Press CONTINUE - BLUKS pattern will appecr.

Verify characters are written.

Lrase tﬁc display.

Tuin high voltage off.

Connc;t oscilloscope to N1I-2 on the“digital backpanel
(character generate).

Set SR to PiST.

"Press CONTINJE - prograz will not halt.

Set scope time base to alternate, delayed.

Set A sweep rate to 10 us/centimeter .and to auto trigger.

Sct B sweep Tate to 1 ms/centimeter and to manual trigger.

o -
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13) Set.deiay vernier to 9f8.

14) Adjust trigécr levels, gains, and trace separation until the
.%cdfe trace resembles Figure 6.22.3.

-15). As}tﬁé delay vernier is moved, the intensified area and the
»qupandcd“»trace will jump from one trigger point to the next.
Continue until the lngge;t Ta has been measured. This is TRMax'

16) Set fhe.SR to 0017 - the program will halt.

17) Turn high voltage on.

3 ! . . l ' ) v »
- « o g — “guPandsd Trace
i‘_.
_ K Te —— . J'
3 , : '
L Inrawsifud ﬁ ST om0 '
3 ’ : ooy i ., i . N : '
ARSA . | T HN r L t :" | '1 | !
; “ T : .ll' Sher b . ._. ' ’o,.. £ TR L loo,.’
o~ ~ 10y — it
Figure 6.22.3
\t‘
4
} TEST: Cata Rate Date:
[PUIPMENT:  Tectronix 547 os;illoscopg or equivalént
t . MLASURIMINTS:
. Verify character write
e » Tattax * U8
4 b -

Passed:
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6.22.4 ERASE/NRITE CYCLE RATE

Verify that the erasurs and rewriting of a 100 character data block

can be accomplished with a 100 millisecond time periad.

1)  Erase the display.

2)  Set SR to PP9S.

3J) Press CONTXQUE - BLCX3 paitcrn will appcar.

4) Press CONTINUE - verify that erase and rewrite occurs - repcat
step 4 as'rsquir;d for verification.

§) Erase display.

6i » Turn high voltage off.

M) Connect oscilloscope to N12-2 on digital backpanel (character
generate).

8) Set SR'to P45,

9) Press CONTINUE - program will not halt.

10)  Scops trace will resemble Figure 6.22.4 - measure Tew-

11)  Set SR to #PAS - program will halt.

12)  Turn on high voltage.

. '

—1 '
e T, —— e tg0n, —» * Tew 100,
Figure 6.22.4

TEST: Erase/Write Time - ' : Date:
EQUIPMENT: Oscilloscc;pc
f | . -; ' ' Passed:
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6.23 ERASE TIME AND CONTROL

This test satisfies Section 3.5.10.2 of [BM 75-M35-002.

Deteraine by measuvement that sslective erasure of data is done at

such a rate that a square inch of data on the screen is erased in 10

e ) %

millisccqnds or less. Verify that the test prozram can ielectively
crase and rewrite randomly placed data blocks 'in a zyclic fashion.

Test the ability of the display to be totally erased under manual control.

9] Erase display.

2) Set Sk to #pPl.

3)  Press CUNTINUE - BLCK1 pattern will appear.

4)  Set SR to 9@33.

$) Press CONTINUE - 9 data blocks will be erased.

6) Set SR to PPRT.

-y,

7)  Press CONTINUE - erased blocks will be rewritten.

3)' Verify cyclic operation by repeating s;éps 4-7 as required,
9)  Mcasure the size of one of the erascd blocks.

10) C?lcuXaie the erased area.

11)  'kiras¢ the display and verify erasure.

12} Tum high voltagc‘off:

13) Connect an oscilloscope go N12-2 on the digital backpanel
(character generate). |

14)

wn

et SR to #g43.,

15)

<

ress CONTINGE - program will not halt.

16)  Scope trace should resemble Figure 6.23, measure Te

17)

(7.3

et SR to @993 - program will halt.
18)  Turn high voltage on.

X9)‘ Galculate ora;é‘tinc for 1 sq in. block.

' Ea82




e e s s pong 5 5

Yo e

m

TEST: Erase Time and Control
EQUIPMENT: Oscilloscope |
MFASUREMENTS :
Verify erase/write
Verify lanQal erase
Block size: x =
ys
Block area = x - y =

TE . as

Erase time, 1 sq in. = TE ¢+ Block area s T -

ESq

i

Date:

ns

Passed:'
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APPENDIX P

IBM LETTER TO DR. CARLO BROGLIO, OSEM,
DATEZD MAY Y0, 1975




Owega, New York 13827
607687 2121

International Business Machines Corporation

May 30, 1975

‘Oftice of Systems Engineering Management
Federal Aviation Adminissration
800 Indepsndence Avenue
Washington, DC
*
Attn: Dr, Carlo J. Broglio
Systess Analyst

Gentlemen:

IBM is pleased to respond to vour request for estimates regarding the
ultimate production prices of consoles based cn the leformographic
Storage Display Tube (DSOT) Technclogy. In the absence of a detailed
specitic definition of the consoles to be priced, we have made cngi-
nee” .. estimates based on the following assumptions: ‘

1. The consoles would be functionally identical to the unit we
recently deitvered to NAFLC cxcept that they would interr .ce’
with the CCC 1n the enroute centers rather than the laboratory
computer at NAFEC. The internal packaging and circuit technology
would be completzly redone to provide maximum cost advantage for
a large volume producticn run.

o 2. The recurring and non-recurring costs are based on a 1000-unit "
buy with 100 units delivered during the second year and 25 units
per month in the 25th through 60th months. '

3. Labor, ovcrﬁcadlnnd a1l other rates, factors and eclements of
cost are based solely on 1975 rates and quotations. Therefore,

[NV

g T S S e

these estimates are 1n 13975 Jdollars
urward to allow for cost cscalavion
Tor scheduie assessment purposes we

and wouid have to be factored
resulting from inflation.

assumed 2 go-ahead in the
first qua ter of 1976, C :

4, These estimates sssume that the CCC provides the display datg in

a format reasonably compatible with the DSDT; {.»., more or less
in accordance with the approach followed with the NAFEC unit.
¥ithin these groundrules, this conscle would he able to provide
the functions presently incorporated in the Flight Strip Printer,
the Flight Strip Posting Console, and the Computer Readout and
Update Display. In sddition, this console has the graphics capa-

-bility to provide a backup capsbility for the Plan View Display

- (PVD) with the information heing periodicilly updated from the CCC

r-1




0ffice of Svstems

Frigineer:ing Management -2- May 20, 1975

rather than refreshed many times a second as with the P\D. The
Jdisplay surface can also be zoned off to present other types of
data simultancousiy with flight strips, such as wealher, NOTAMS
and other tabular or graphica! data.,

5. An IRY.-modified CGFE cabiner was assumed. However, there would
not be a major cost impact if the cabinet were tabricated by 1BM
rather than modifyving a GFE structure.

6. The unii would be designed and duilt to yood commercial practice

< * with the 2100 series of specs as a guneral puvde. This same type
of approach was very successfully used on the CLC and provides
significant cost advantages without any loss of reliabtlity or

pertformance. .

. This estimate does not include any of the foliowing 1tems sincoe

*they are not part of the basie o neole cost and we did not have

the necessary information O 4 an Jecurate esi.mate: '

a) Shipping ard installation

b} Traininp

<) Meintenance or wagrranty

G Aadifications or additieons (1f anv) to the CCC hardaare or
software.

L] The ron-recurring estimate does iuclude all the rormal non-recurring
desiyn start-up activities we thought would be applicable, such
as t. . test equinment. converston of packaging and technology,

"omainta ity and reliabilaey analysis, gquality engineering,

manuals and other Joconmentation,
analvsis, ctoe.

interface design, human factors

The recurring price estimates are als<o complete figures including,
snoadtbrsion to direet hardware c0<t$. testing, program management,
enging rring support to manufacturing, gencral and adminmastrative
*rence, and al! other elements that normally go into a unit selling
price. )

Two con€icurations have been estimated: a comsoi= wi®a a single
DSDT and'a’ console with two DSDTs provecting on a single viewing -
screen.  In the dual-DSDT unit the CRT: light source; iens system;
detlection, video and erase circuits; and all associdted power

o " supplics have bheen dupticated,

in all other respecrs, the two

conf,gurations are identscal, i.e., only
power supplies, ctc., have been assumed T r Luc?

ne set ol electronics,

fuesztions as

interface, display ,cneration and overall unit control.

Tn addi-

tion, there 18 very little di1fference in the cabinet, mirrors and
view Ly screen whether one DSDT or two i8 assumed. Since the
secand DSDT projector is essentialliy a duplicate of the firat,
there i1s no significant difference in non-rocurring costs,

\
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Office of Systems
Engineering Management -3- May 30, 1975

On the basis of these assumptions, our engineering estimates are as
follows:

Single-head console: $28,000 each

Dual-head console: $41,000 each

Non-recurring expense:

.f// 7 hgrin

brogan Controller
AvAonxcs Systens

$4.6 million

WLG:at
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ANA-230

Progress report - PAA 16-234 (Activity 03)
Evaluation of the Deforwographics Storage Display

Chief, Simulation and Analysis Division, ANA-200

ARD-100 .

The Deformcgraphics Storage Display (DSD) fabricated by IBM, Owego, N.Y.,
wvas delivered to NAFEC in May 1975, Following installation, site acceptance
testing and software integraticn, which was completed in July, the system
has been subjected to a series of engineering tests. The information
contained herein is (1) a sunmary of the display performance data collected '
to date, (2) a near-term expected performance improvement summary, and (3)
tentative conclusions relative to the deformographic display technique, This
information complements the data from the factory acceptance tests which we
provided to ARD~1.0 i{n April, and other dnta and perfornance characteristica
provided to ARD~110 in the interim,

We are also preparing a follow-on data report which will include all of the
baseline dats and other pertineunt display characteristics measured or derived.
‘By agreement with Mr. John Edgbert ARD-110 this dats report will contain an
analysis of the DSD performance as compared against the enyineering requirement
for an en route electronic tabular display that is being formsulated by Mr,
Edgbert, We understand that the purpose of this comparison is to determine
vhether the DSD should be considered as a candidate in competition with other
displays which can. or may meet the engineering requirement, We expect receipt
of the final version of Mr. Edgbert’'s document in the very near future.

. Engineering Anslysis Summaries

Measured Perfornance

The folluvtng display characteristics were measured under the same conditions,
vith no change in controls operating levels:

1. Brightness over the full 22- by 32-lnch screen: minizum 24 foot-lasmberts,
.-axlln- 39 (uot-la-bettn.

2. Line width variations over the }9-fnch diameter screen: uxim- 0. 023
lnchcl. ainizmun 0, 023 inches, .

3. Smallest usesble character block on 22- by 32-inch display: 0.142 inches
high by 0,107 inches wide. Since a minimum of 20 percent is included in each
dimension for space, this results in a character of 0.125 by 0.07 inches.

This corresponds to 0.645 percent dimensionally vertically and 0.3) percent’
horizontaily, regardives of final display size.

G-1
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Minimum line-to-line spacing over the display: 0,033 inches for

parallel vectors.

5.

Background brightness, fluorescent room lighting conditions with 20 to

30 foot-candles ambient: less than 1 foot-lasbert measured,

6.

Contrast ratio (as above): worst case 25:1; best case 39:1 under 20 to

3 foot-candles ambient,

7.

" Data registration rewrite accuracy: with erasure hetween rewrite 0,012

inches, without erasure-less than ,001 inches.

13,

14,

Data linearity: 0,8 percent oversll worst case at top of'acreen.
Cptical Magnification: 13X,

Fiood erase time for 10,000 characters on screen: 200 milliseconds.

Sctreen gain: 1.8 to 1.
) Writing rate: 500 1nche-/-ccond maxisum character time 100 microseconds.

'Long-ter- :tabillty (draft): less than 0,001 inch over a wcek including
on and

oif cycles,

Long-tern character size and brightness: no measurealle change in data

rewritten vver a l-week period.

15.

16,

Gray shades: six linear shades visible.

Selective erase accuricy repeatability: same as rewriting accuracy.

Safe separation distance between data for erasure: 0.15 inches on a 22- by
32-inch display.

17.

-Stornge time: 12 ilnutta to 50 percent brightness, 30 minutes to 10

percent brightness,

18,

19.

Character clo-ure. size poo!tlonlng. nnd spacing: all uonlnal lnd

not critical,

. Erase time for selective erase, after switching: same as one vrite

character time; maximum of 100 microseconds per chartacter.

0. - Opttcni distortion: 1nc£§h£f1cant {(less than ,1 pérc&nt).
21, Dus:, -oke, and nor-nl buildln; vtbrntlouu do not measurably affect
perfor-ancc. :

Niar-Term Expected Performance

Based upon extrapolitton of data resulting from our engineering tests, and
information provided by IEM relative to their on-going DSD improvement

G2
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program, the following tlprove-ento in USD performance are already achieved

or are considered realizable for any additional units fabricated.

1. Typical noninnl character size on a 20-inch-square display to be
equal in size to standard pica typewriter type (.094 inch high by .067 inch
uidu).

- 2. Typical brightness improvementa as a function of display size and
lamp wattage choice to result in more than 100 foot-lanbett: on a 20-inch~
lqunro screen,

3. Erese time to be less than 50 milliseconds for a full screen or
d.‘ 8o .

4. Selective «rase separation zone: 0.1 iach maximum on 22- by 32-inch
display. : '

. S. Data ltnearttﬁz 0.2 percent,

6. Borderless, tiled, edge overlapped or butted displays with continuous
display addressable viewing surface.

Te Long-term storage of displayed data: 30 minutes to 50 pe}ceng
brightness. . :

8. Very long-time storage of data with retained high performance
(2-4 hours) with subliminal refresh.

9. Mintmum of two coclors for data.
Conclusions
Tak{ng into consileration the above information, combined with our dafly '
observations of the DSD operation and the maintenance procedures applied over
the paat 3 -onth-. we have formulated the following set of prelllinnry
estimates of DSD capabilities and potential:

l. The electronic design is more than adequate for prolonged icstihg

land use in laboratory or field opetation.

2. The performance demonstrated is clearly .attsf.c:ory for tha intended
display of tabular data and graphics. '

3. The S-inch CRT, which is ‘s critical subunit of the DSD, is prenently
being produced at IBM and by other CXT nubcontractorl and appears to offer
0o production problems. ’

4, The opticnl -y-tcu is considered established, useable, and implement-
able, and variations of it to produce other size displays, ur to remote the
image from the CRT and optics, are considered well vithtn the capabilities of '
modern optical design. )

c-3.
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5. The stability of the optics and CRT are gtznter than that presently
accepted for operational use.

6. The lamp source is a long term, 1nexpen11ve unit well proven in
military applications. -

7. The inherent design of the DSD appears to satisfactorily solve
existing problems of reflections, ¢xcessive contrast, glass tube safety,
parsllax, heat generation, power consumption, maintainability, power failure

(fail safe) and others which presently are asbsorbing agency manpower and
dollars,

8. The options available for screen size, screen materfial, multiple
image overlsp, microfila projector incorporation, constant contrast over
widely varying ambients, and multiple function usage are unmatched by any
other display device, '

w. H, KOCH
ANA=230:CSpanijer:amh:x3194:0ct 21 75
AEM-20

ARD-110

ARD=-120
ARD-404
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APPENDIX H

_IBM CORPCRATION, EXECUTIVE SUMMARY OF A PROPOSAL
FOR A DSD EVALUATION CONSOLE
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EXECUTIVE SUHMARY

During 1975 the FAA cowpleted one of the most sipnificant advances
ever sade in command snd control systems. NAS Stage A is an outstanding

-example of the proper spplicition of advanced data processing and ¢isplay
- technology against a highly cc-plix requirement. Howsver, in the midst

of this impressive progress, one cbvious mchronin remains: the
system stil]l rvlies on mlly-lnndlod strips o{ paper produced by
electro-wechanical printers.

For more than s decade the FAA and IEN have worked together io
develop creative, sffective solutions to problems such ss this. Over
the past year, IBM has been working with SRDS and NAFEC on & display
technology that fully satisfies the requirements for electronic display
of flight prugress dats and other tabular information.

. The technology is called Deformographic Storsge Display (DSD).
This "Bxecutive St—cy” provides an overviev of a recommended next step
in applying DSD to the PAA's flight strip/nbuhr dats needs -- a step
which wvould sllow the FAA to evaluate the mmercus benefits for sir
traffic control that are inherent.in this powerful new display téch-
nology. A detailed description of the proposed hardware, software and -
integration comcepts has also deen prnpird We would appreciste an
opportunity to tubmit this more dnuud “white paper" for 'ho FAA's
consideration.

'THE DILBOW

There are same .ood ressons -hy printed flight progress strips and
sarual posting comscles m.um being used. .Matever their limits-
tions, paper strips do provide aa slsost unlimited cspacity for displaying

~ flight progress information in an uncrowded formet. The large viewing

W1




surface of a mu'n posting console allcws the strips to be spread out
for the user's convenience. And if failures occur anywhere in the
systes, paper flight strips will continue to provide ~tatic flight data.

Nonetheless, nnual posting of flight progress strips has major
deficiencies -- 30 much 30 that its replacemcal scems to iinge primarily
on finding a suitadble electronic display alternative. But until recently
an acceptable altermative was not svailable. Most electronic displays
have only a fraction of the data capacity of s manual posting comsole.
“Furthersore, on most displays sny fasilure or loss of power can wipe out
“the displayed information.

Therefore, until a better approach could be found, the choice was
betwesn two equally undesirsble alternatives. One alterastive is the
present niaul spprosca. . It imposes such handicaps as (1) the time-
consuming process of hindling physical stripr of paper, (2) the noise
and asintenance associsted with priuuﬂ. (3) a lack of closed-lonp
response and total systes integrstion, plus (4) nuserous duplications of
operator effort wvhem interacting with s pmxy-mtmtcd/partly-umn
display syﬂn. ’

'The only other alternatives that were previously avsilable were
" CXTs or pethaps plasas displays. lbi_nvcr. the maximum practical dats
.capacities of such displays ars quite limites. This tended to require
sowe or a1l of the following expediencies in sttempting to mest the
operational requirements: (1) dividing the data over multiple displey
surfacas, (2) elimination of duplicate flight strip postings, (3) dropping
the less frepuemtiy used d-u from sach strtp. and (4) ceqrrnuu the
total display surface ares by rv&ucin; -pty spuos within and betweea
stﬁps. , ' S , : .

While some improvemeat ia display efficiency is desirsble, the net .
effect of such an approach would be that the system becomes "display-
bound” -- the limitaticas of display capacity become s significant
constraint on system operstion. Future flex'bility and growth are

'
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also limited by the fact that the displays arc slready ssturated.
Operators are forced to call up background informstion Lhat.'und to be
available at a glance. Data is squeezed together. The ability to
bmvido the controllers with all the inforutibn they desire is compro-
mised by the lack of duplly capacity. And the m.bcr of display units
packed into each sector posiuon would continus to proliferate.

A BETTER SOLUTION

1t was IBM's privilege to have a major raols on the FAA teas that ‘
successfully implemented NAS Stage A. We are equally pleased to be adle
to offer an exciting yet practical solution to the.remaining need for an
slectronic replacement for the manual posting consoles. By taasing the
flexibility and capacity of thc DSE wach the power of the NAS data
processing system that is ulrudy in place, the FAA will be able to
achieve much more than just replacing psper flight strips. The DSD will
alliow the FAA to continue to expand the i:pormtl'bvenu thrust of the
NAS prqgrd: providing air traffic controllers v'i;h the most useful and
pertinent information available and displaying this dsta in the most

concise and readily-assimilated form possible.

The NAS Enroute System Test Facility in Building 149 st NAFEC is a
unique and powerful facility for evaluating and optimiiing s totally-
electronic flight data dispiay system. The DSD is uniquely capable of

providing tie hardware basis for such an evaluation/optimization task.

A merger of these two capabilities would be a -jot step touud u:niwing

" an all-electronic flight dats system.

Therefore, we have worked out & rsther detailed and specific proposal

* to define (1) the implementation of an advanced, large-capacity display

console based on the DSD tachnology, and (2) the integration of this
console into the NAFEC facility. The proposed approach allows a very
thorough and reslistic assessment of such a cmcpt in the total ARTCC

H-3
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environment. Careful thought has beea given to the hardware, software
and integration aspects of such a program. An aggressive, yet achievadble,
progrsa plan has been developed whersby this systes can be in operation
within eight months of go-shead.

The preposed hardwars configuration builds on the proven perfor-
mance of the expsrimental prototypﬁ DSD console delivered to NAFEC in
May 1975. Thoss whe have seen this unit in operation have consistently
been impressat with the maturity of the DSD technology and its unegunled
performanca 23 a large-capacity tabular daisplay. ‘

The propossd approach for integrating DSD technology into the NAS
simulation facility at NAFEC is very straightforward. The proposed
equipment would iuterface to the NAS system through a standsrd 1/0
adapter on the Central Computer Complex (CIT). No other interfaces or
hardware interconnections would be required.. Obviously, I is thoroughly
familiar with the interface to the CCC. We are equally familiar with
the NAFEC NAS software and ltMs approcch requires only minimal medifi-

. cations to the prograas slrasdy in place.

HICHLIGHTS OF THE PROPOSED APPROACH

The basic concept being proposed by IBM is a DSD Evalustion Console
that would, as a minimm, provide all of the functions of the "A'" and
"D* pair of manual posting consoles for one sector. The Evalustion Con-
sole is configured as a modular, electronic display that is physically
interchangeabls with an existing A and D pair of msnusl posting comsoles.
A cqcriian of overall dimensions snd form-factor is given in Figure
ES-1. ' “

A continuous nar-projocﬂoh display surface 24 inches hiih by 72
inches lorg _-ould replace the present manual flight strip posting ares.




suoysudwig I[osuo) uofienfeaz @sa ‘1-s3 210314

| *31vd TI0SNOD |
Qv ONILS{X3 L 0L TVOIINIOY Iyv
snotSH2Ula wol¥ILX3 TV ‘SINIT gillod : . w
A8 NMOUMS SIIVAENS wod 1430%3  ALON P U : a .
SAVML ONILSO4 ooy
""" vt N1SIX3 !
. : B " -




et et i s e L

The overall height, width and depth of the Evaluation Console would be
idoqtical to an eniting A and D conscle pair, and the existing Console
Map Boards can be mounted directly above the unit.

The DSD Evaluation Console will provide all of the functions of the
Flight Strip Printer, the Computer Readout Display (CRD) and the manual
posting areas. The existing alphanumeric keyboard quick saction keys and
communications facilities will each be incorporated into the Evaluation
Console as unsodified GFE. The Console will provide the required logic
and 1/0 circuits to interface with the kcyboard‘ and quick action keys
and will consolicate their interface back to the CCC with its own, '

This means that the Evaluation Console will not have to interface
with the Non-Radar Keyboard Multiplexer, the Common Logic Unit, nor any
other 1/0 equipment outside of the CCC. This is depicted in Figure
ES-2 which indicates that the console’s sole interface would be with &
pair of General Purpose Input and Output Adapters in the CCC's Per-
ipheral Adapter Module (PAM). Communication equipment and .interfaces
would not be modified but would be installed intact into the front shelf
ares of the Consols. No modification of the Plan View Display position

"nor the Computer Display Channel will be involved.

Within its 24 x 72 inch display snlxrfucc. the Evalustion Console
will display up to 114 complete flight strips plus two Computer Readout/
Previev areas. / The CED areas will have more than twice the capacity of
the present cm'n ) The format and character size of the 114 strips in

the initial dispiay fon’lt baseline will be essentially identical to the

present paper strips. As shown in Figure ES-3,. the screen will be
divided into nine colummns: seven columns with 14 strips esch, plus two
ndditioyul columns each containing eight strips and 8 7 x 10 inch CRD
ares. : '

The DSD Console would not, however, be limited to reproducing the
axisting r£1ight strip and CRD formats. Starting from these familiar

‘formats as a baseline, the FAA can reprogram the display to svaluate sny
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type of format it desires: improved flight strip forwats, flow control

information, all other types of tabular dats and grephical plots, selec-
tion menus and other intarsctive formst elements. Indeed, the trmdous
capacity and {lexibility of the USD will open uv new concms in display

utilization that previously have not been practical to consider.

" There are some important advantsages in being able to start with
formats that are ou-ztmly identical to those used with the existing
papar stTips, manual consoles and CRDs.

1. It does not arbitrarily impose new, predetermined formsts nor s
lower f1ight strip capscity on the FAA. Instead, it allows the FAA
to determine, in an evoluticnary manner, what changes rid improve-
ments it desires to make over the puutit formats.

2. It allows a f,nun”r, non-threstening, initial starting pdtnt for
any controllers who are asked to evaluste the DSD Comsole.

3. It provides a valid means for comparing the DSD Console with the
existing manusl comsoles without complicating the comparisom by
using two diffsrent formats. Similarly, it provides s cosmon poinmt
of reference and comparison in evaluating potcnuu format changes
and new fuactioms.

4. It minimizes the impsct om existing NAS softvare.

The foregoing sre ideal festures for sny evaluation consols. In
sssance they mesn that a DSD Bvaluation Console can emulate the formats
produceable on almost any other type of displsy -- ranging from the
present paper flight strips to electromic displays with a variety of
data capacities and screen sizes. Thus, the ucuniuo- of a DSD

Evaluation Console at NAFEC will provide the FAA two importamt capabili- -

ties: (1) it will allow the direct svaluation of & very important new:

Adispilly tochaolou. and (2) it will be am unususlly povcrful display

svaluation tool for use in a wide range of future concept development
programs. ‘
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Xntezration‘o‘f the Bvaluation Console into the MAFEC Enroute
complex will have & sinimal impact on existing NAS software. A key
factor in simplifying the CCC scfiware is the use of a -icroproceuér
internal to the Bvaluation Comsole. This microprocessor effactively
emulates the CCC interface to a Flight Strip Printer and a Caipu:er :
Rsadout Device. '

The NAS software adxdifications will be designed to allow the Bvalu-
stion Consols to oparate in paraliel with a conventional A and D console
pair in the same sector. This will facilitate direct comparison of the
two approaches. ' '

DSD CHARACTERISTICS

The potential and the practicality of applying DSD techmology
agsinst this type of requirement has alresdy been impressively demon-
strated by the original DSD experimental prototype at NAFEC (Figure
ES-4). This unit has provided six months of trouble-free operation
which have demonstrated the following msjor charscteristics of a DSD
console: ' '

1. Storage. No power is required to retain an image. A flicker-free
¢isplay is provided without refresh. Electronic bandwidths are
reduced by s facter of 10 while capacity is simultanecusly increased
by a factor of S Ir more over the fastest known refreshed displays.

‘A single display generator csa raduy drive s mmber of DSD
P“imm o

2. Data Capacity. The DSD is a very high resolution display. The

‘ experimental prototype has Seen used to display as many as $6 full -
flight strips on a single DSD tube using butuuy tho same format
as the current paper strips,

H#-10
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Screen Siu,.. The abillit.y to display 56 full flight strips uloouid be
of little value cn a 14 x 14 inch (20 inch diagonal) display. This
amount of dats would require 1/16-inch-high characters and such’

tiny characters could not be read from & veasonsble viewing distance.
However, 56 flight strips aTe quite readable from even a few feet
avay on the 22 x 32 inch screer of the experimentsl prototype.

Since the DSD is a projection display, it can accosmodate almost

ary conceivable character size and screen siie.

Maintainability/Reliability. The experimental prototype at NAFEC
has provided troubie-free performance. ' If maintenance is ever
Tequired on & DSD projectiom unit, all removable or repairadle
assemblies ars mounted in the rvear of the csbinet -- the front of
the unit will only contain two fixed mirrors and the viewing scravm.
Simple, direct access will be availsble from the rear to al!l
electronics, the light source, tube and all powsr supplies.

‘Maintenance and operations functions need never interfers with one

another. In a tower installation, the DSD tube and its electronics
could be mounted below the floor of the operational ares and be
accessed for maintenance from the floor below.

Commonality/Modularity. A single projection system design (tube,
optics, electronics) can be used for many screen sizes and 8
variety of spplications. ODSD projection units can be arrsaged to
project cmipous images on a single, continuous screem, thus
provtdin; [ -oa.ﬂu- buxlding block approsch to control-room display
roquirements. ' Ia the case of the proposed Evaluation Console, a
"continuous arrsy” of three 24 x 24 inch display areas from three
DSD tubes is used to provi{dc'vl total #isp’hy arcs of 24 X 72 inches.

This concept of a Comtinuous Arrsy Display (CAD) was originated by

the FAA as a modular building block technique for schieving meximm
di;pily coomonslity throughout the FAA -- for example, between Enroute
émtcrs Towers and ARTS facilities. Since the proposed Evaluation
Console is physically confuurod to the dimensions of the Enroute Cmtcr

Y )
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manual posting consoles, this particular configuration might sppro-
pristely be designated the “E-CAD" configuration for Enroute Continuous
Arrasy Display. This would differentiate this configuration from such
alternative possibilities as towers (T-CAD), ARTS facilities (A-CAD),
oceanic applications, flight service stations, etc. Cach of these
spplications could use the same basic tube and electronics but with the
different screen sizas und physical arrangements of the same basic
building blocks as lWilt. for sach situation.

.SYSTEM IMPLICATIONS

Figure ES-2 depicts a proposed initial systes configuration for
integrating & DSD Bvsluation Console into the NAS System Test Facility
at NAFEC. Clearly, it Tepresents a very strajightforward and uncompii-
cated approach. It also provides a very powerful configuration for
full-scale evalustion of the use of an electronic tabular display.

However, MM recognizes that the FAA is also interested in other
Telated syit- improvements such as flow contro! and backup modes of
operation for greater total systea reliability. We would like to empha-
size that the proposed system does not preclude or complicate expansion
to a more sophisticated configuration in the future. To the contrary,

it i3 an ideal first step toward such an objertive. A two-step spproach --

. display subsystes first, dats processing subsystes saecond -- has a
mmber of important sdvantages:

1. It gives the FAA a significant headstart on the ‘total problem
because tho DSD Bviluation Console can be on-line BAny mths
sooner then would othmuo be possible.

2. It wmuutn the overall hpxmuca of the total system by

allowing tbo FAA to start from the existing NAS mccpts and hard-
mo/soft-m base. Never, improved techniques can then bde

B=1)
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developed in an ord

srly, evolutionary msnner rather than taking s

high-risk, all-at-once plunge. Yet it in no way limits the ultisate
capability of the system.

3. As a matter of fact
powerful systea dev

, the DSD Consols will provide a much acre
elopment and evaluation tool than any other

known display sapproach.

ln susmary, then, the DSD Evsliuation Conscle is not s competitor

nor 8 threat to other, b
1t is complementary and
processing capabilities
with very little impact

roader concepts regarding flight data handling.
supportive of such a goal. Additional data
can bc added to the overall system at any time
on the proposed initial configuration. The

packaging and architecture of the Console are such as to allow the

addition or substitution
basic design or featurass

CONCLUSION

of a different interface without affecting the
of the unit.

‘1BM is gratified that as early as 1973 the FAA had the foresight to

press ahead with plans t

o specify and procure a DSD experimental proto-

type console. This initial FAA vcnﬁuro with DSD proved to be highly
successful. As a result there i3 s rapidiy growing swareness throughout
the FAA of the msjor implications of the DSD's unusual performance

‘characteristics in reg

to air traffic control.

However, because FY?6 planning was completed before these results

any new concept into the
next step degin as soon
evalustion in Building 1

step”.

. were known, no provision has beea made to fully exploit the DSD's potea-
" tisl in the near futurs.

Given the time required to evaiuate and deploy

NAS system, it would seem mttvi that the
possible. And an operationzlly-realistic

E; 8t NAFEC seems like 2 most appropriate "next
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I3 fully appreciates zhe fact that sn unplanned program such as
this poses significant probisas for the FAA, particularly in a time of
budget stringencies. But we feel that it would be a disservice on our
part. to fail to come forward with recosmendstions for moving shead in
applying such x greatly neseded technology against the FAA's requirements.
The proposed :pym;:h seams reasonable in scops and will pfovide Beaning -
ful. northvhlio Tesults in the shortest poisible time frame. [t creates
8 powerful display system base from which even more ambitious systems
concepts can be built.  From the standpoint of both cost and effective-
non,l the sooner this type of concept can be implemented, the sooner the
FAA can begin to resp the bensfits.

Therefore, 1 3tands rouliy to work v:th the FAA in any way we can
to surmount the initis] difficulties of gatting an unplunned program
underwvay or, perhaps, to modify existing plans to take into account this
new oyportunity for further upgrading the nation's overall air traffic
control capability. As a starting point we have prepared a detailed
‘white paper” dcfiiin;‘ the specific hardware, software and int'egrnion
tasks required. We would appreciate the opportumity of discussing the
progras described in this "white paper” with the FAA at your earliest
convanience. '
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APPENDIX 1T

ANA-1 LETTER TO ARD-1, DEMONSTRATION OF 18M DEPORMOGRAPHICS
STORAGE TUBE, DATED SEPTEMBER 17, 1975 '
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Demonstretion of the 1BM Deformographics :
Storage Tube Dlsplay . ' -

*

" Director, 'AN'A'-I . : L. .

ARD-1 .
In the course of test and evaluation of the projection/light valve :
display techniqus as exeamplilied by the IBM Deformographic *
Sterage Tube Display (CSTD). the Data Entry and Display Tachke
pology group has formulatad several judyments relative to thie
diapliy technique; (1} its performance iz better thas anticipated

and represents a real breakthreoyh in display developments, and

(2) twe major display concepts or principles are now ads posaible,
which U validited snd accepted by the operating services could have
significant impact on the agency’s display plapaing. 'Z‘huc priaciplos.
atyng with the inavitable acronyms are:

1. Noainterfsring Maintenasce Remoted Optical Display WROD)

It appears feasible to package the DSTD electronics, optics and
CRT (display generation sssernbly) in a form that allows the remcting
of this assembly from the display viewing screen. This will permit
on-going maintenance tot1lly {solated irom the operational area of the
facility. Tho a2dvantage of this capalility from the aspect of mainte-
nance stalflag and reduced impact on the ATC operation is svident.

2. Continuous Array Dieplay {CAD)

If the above remoted sesembly is combined with other display
generation aseerudlios, mounted side-by-side, = continuous viewing
screaa of uali )ited hortme.\l dimension i¢ attainsble. Such a viewing
ecreen, free of besels or CRT mounting hardware, can provide a
capabllity for displaying say type of data, im any forin or format, at
amy locatian oo tbe viswing surface, through software control.
Alteraately stated, this C/ D capabillty wouid pr~vide a display base -
that could accommodate any future concept which generates informatiom
{or the controller. This will eilminate the need fo: implementing
discrete dispiays for each discrete dats generating fuaction.

.
*
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Both principles-can be applied in thoss ATC environmants which
employ data display; ARTCC, TRACON, Tower Cab or Flight
Service Station. This capability, coupled with the vary promising
performance of the first article DSTD, indicates that projection
type displays offer definite promise in ths technology goal of
developing a universal ATC display.

The questiocn now arises as to whether the concepts of NIMROD and
CAD justifies or warrants further expenditure of funds to explore
their potential. In order to configure a suitable vehicle for further
experimectation, an additionsl '"head" (CRT, optice, and electroanics)
and repackaging of our present DSTD {s necessary. This, along with
specialized enginsering services from IBM, will cost approximately

- $175K. To determins whether this amount of money should be allocated,

we would suggest that the operating services be queried as to their

" {nterest in further development work. We further suggest that the inost

practical vehicle for ascertalning the extent of thair interest and support

. {n this axrea is a demonstration of the DSTD, and of the various concepts and

principles outlined in this letter. The ATC configurations to be emphasised
would be the enroute and tower cab and we would employ mockup md
dynamic display techniques to convey our message.

If you are amenable to the idea, we vou.ld recommend a demonstration
date during tha week of November 3, 1975. Planning officers from the
Wgostern Region and the San Diego termiial facility will be at NAFEC
during this period to view work being done relative to future tower
cab sxperimentations. This group can be complemaentad with othar

‘represantatives of SRLS and the opsrating services as you designate. If
" you concur with our recommendation, we will proceed with necsssary

coordination and arrangemaents, Our contact will be Mx. Eéw.rd M. Almf.

' ANA-230, extension 3393. - . | | Ty
ROBERT L. FAITH
CC:‘ : .
ARD-104 .
'ARD-110" - ._
ANA-230:EAlzner:amhx3393:9/17/75 . - ' .
1-2 )
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J‘\Mk SCOF BLGURET, OPEMHATIONAL ANIOMTY.

A3 you know, FAMR 6510.1 dated 11/4/60 resulted Lo BRITEZ I TV type dupllys for use

 dated 5/23/63 requasted R&D action to adapt the ERITE display concept for apnroach
control usze. The culmiuation of this effort lad to the agency policy of TRACAS
installations at all newly qualified rndar iocations stareing vith the FY 1969 Fi=

ASR esubut!uun- rozTaa. .

ta<ar cabs. To tha bdeat of our knowledge, no follov-on state-of-the-art effort hea
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1o control towac cabs for local control pucposes. Subsequently, Form 9550, AT-103-i2

Exceptlons to this policy have only been granted where individually jusclfled. TRAC
requiTemants heve basn sstisfled by ‘iastallation of ERITT II and DRITZ IV dizplags I

U he 0god welt }s cpges

been undertakan to provide icoyroved type of displays Tor—this type use. (uor.thued)
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} tavestigation of improved display technologies qxd cqulpnnt for application to tower .
cab displays 1s being pursued sad will continua under subprogram 144-170, Terminal :

Tover Sustaining Engineering, When these efforts result in the verification :

of a potential improvesant to the system we will set up a demonstration for

Al% Traffic Service representatives, More definitive information on cost and .

.schedule will be determined as the experimental effort progresses. We satimate L

that this additicnsl informatiom \_dll be available by December 1, 1974. I
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£3M-100 COMMENMTS ME 0550-1, AT-100-29, 7/15/74,
FEASIBLILGWY w00y i RATLION OF FNPLOVED nALLAR
DISPLAYS bou i AL RAUAR APPLOACH GO RUL
CAES ([KALALS )™

-

-

We have discussed this subject briefly with AAT-10C and bellieve the
following nay scrve to amplify the information contained in tiae 9550-1,

Sasically, the rcducst was prompted by two factors:

o Soms dissatisfaction with the quality of the BRITE
display presentation for performing radar approach
control functions in the tower cab has been expressed
by the field. - )

o During a visit to NAFEC by AAT-100 and subsequent
discussions with NAFZC and ARD personnel, it was
suggested that advances in display technology, such
as the Deformograonic Uisplay System, may ofier a
potential mcans of real izzn an irproved displzay
for this azplication.

ia addition

to the requircement to perfors satisfactorily in the
extremely voticd 1ight conditions exsorvicnzcd o zonirsl towor rabs,
3

oth2r aspects :urndanental 'lo the application of interest are as

foilows: ‘ . ‘

o The ca%ta 0 be displayed inmzluces o plan view
presentatica of radas, beacon and map da:a derived
£ro. b.0¢-aand video inputs

o Sinrce (5. TFACAB lacations are pregramred for 2
Or A iEheal syalemh, 1L LS 2is0 noccssaty that b
display :;sicm be capable of simultancously prescnting.
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Tazt 1 coatinued

Vie usdarstand that .the state-of-the-art has advanced to the point that displays cen
bs produced vhich will not be adversely affected by ambfent light levals, direct
sunli{ght, fade out or glare, and extraneous surface reflections, all of which are
prevalent to varying dejrees in TRACAD eavironzants. Thess improved diapiays cust
bz of a high resolution/high coatrast to de easily and resdily viewed uader high
a2d low cedisat light conditions being encountered..

The feusibilicy demonstration should be of sufficient magnitude to allow a
follow-on retrofit program for TR.CaBs Lf the RAD effort 1is successful.
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